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HEAT-RESISTANT REFLECTING LAYER, LAMINATE FORMED OF THE 
REFLECTING LAYER, AND LIQUID CRYSTAL DISPLAY DEVICE HAVING 
THE REFLECTING LAYER OR THE LAMINATE 

5 BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a highly heat- 
resistant reflecting layer, which is used for producing a 
reflector or a reflective wiring electrode of a liquid 

10 crystal display device, a reflecting layer for building 
glass, a laminate, or a liquid crystal display device. 
More particularly, the present invention relates to an Ag- 
alloy reflecting layer that has a high reflection index, a 
laminate formed by the reflecting layer, and a liquid 

15 crystal display device having the reflecting layer or the 
laminate. 

[0002] Various materials are used for reflecting layers 
including a reflecting layer for producing a reflector or 

20 a reflecting jwiring electrode of a liquid crystal display 
device and a reflecting layer for building glass that 
reflects infrared rays and heat rays. In addition, 
laminates of the reflecting layers are developed to 
increase the reflection index and to improve the 

25 functionality of the products. The products of the 

reflecting layers, which have improved characteristics, 
have been used in various fields and for various 
applications . 

30 [0003] Typical materials for the reflecting layers are Al, 
an Al alloy that includes Al as its main component, Ag, an 
Ag alloy that includes Ag as its main component (such as 
Ag-Pd), and an Au alloy. The reflecting layers formed of 
such materials have high reflection index in the optical 

35 wavelength regions from 400 to 4000 ran, which include both 



visible and infrared regions. 

[0004] Al has high reflection index and is very inexpensive 
and useful. Al and an Al alloy are usually used for the 
5 reflector and the reflective wiring electrode of 

reflection-type liquid crystal display devices. Such 
liquid crystal display devices are used for portable 
terminal devices such as cellular phones. When an Al alloy 
is used, problems associated with pure Al such as 

10 irregularities in the layer, which are called hillocks, 
and deterioration of the face of the reflector and the 
reflective wiring electrode can be overcome. When the 
reflection index of the reflector and the reflective 
wiring electrode is high, the electric power sent to the 

15 light source is reduced and the illuminance of the liquid 
crystal display device increases by about 20 %. 

[0005] Ag has the highest reflection index among many metal 
elements in the optical wavelength regions from 400 to 
4000 run. Therefore, Ag has good characteristics for a 
reflecting layer. 
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[0006] Among visible rays, infrared rays, and ultraviolet 
rays that are emitted from the sun, Al, Al alloy, Ag, and 

25 Ag alloy transmit the visible rays and reflect the 

infrared rays and heat rays. The visible rays have direct 
relation with lighting. The reflection of the infrared 
rays and the heat rays is effective to prevent the outside 
rays from coming into a room. Therefore, the above 

30 materials are used for building glass such as windowpanes. 

[0007] However, conventional reflecting layers formed of Al, 
Al alloy, Ag, Ag alloy including Ag-Pd, Au, Au alloy, and 
reflectors, reflective wiring electrodes, and building 
35 glass that are formed of the reflecting layers have the 
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following problems. 

[0008] Al and an Al alloy are chemically unstable. A liquid 
resist, which is made of organic material, is applied to 
5 the Al layer or the Al alloy layer, and a pattern is 

formed on the layer. When the patterned layer is washed 
with an alkali solution to remove the resist, the surface 
of the layer may become rough and lowering of the 
reflection index or scattering of the light on the surface 

10 may occur. In addition, Al may react with gas generated 
from a resin substrate when used with a resin substrate 
such as PMMA (polymethyl methacrylate) and silicone. Al 
can be used only with substrates that generate little gas 
and thus limits materials available for the substrates. 

15 There is a problem of chemical stability in Al-containing 
reflecting layers and resin substrates when they contact 
each other in use. 

[0009] Al and Al alloy have greater optical absorptivity 
20 than Ag and A£ alloy. Therefore, semi-transmissive 

reflecting layer formed of Al and Al alloy suffers optical 
loss. 

[0010] Al, an Al alloy, Ag, and an Ag alloy have poor heat 
25 resistance. Diffusion of atoms is likely to occur on the 
surface of a reflecting layer formed of such materials in 
given temperatures. Particularly, Ag has high self- 
diffusion energy for heat and it changes over time when 
heat is applied. When heat causes the temperature of the 
30 reflecting layer to rise to about 100 even if 

temporarily, diffusion of atoms will occur on the surface 
of the layer and the layer will lose luster and become 
dull, in other words, Ag's characteristic feature of high 
reflection index is impaired. Therefore, it is necessary 
35 to limit the temperature during the manufacturing process 
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of a reflector for a liquid crystal display device when it 
is formed of Al or Ag. Further, an Al or Ag reflecting 
layer for building glass is thermally instable and 
chemically varies (e.g. changes in color) when exposed the 
warm air in summer. 

[0011] Al, Al alloy, Ag, and Ag alloy vary greatly over time 
with heat so that such materials cannot be exposed 
directly to air. Therefore, to ensure material stability 
of the reflecting layer, a heat-resistant protective layer 
such as Zn0 2 or a Zn0 2 -Al 2 0 3 composite oxide is generally 
needed. 

[0012] The reflecting layers formed of Al, Al alloy, Ag, 
15 and an alloy have very poor adhesion toward some 

substrates. In such combinations, the reflecting layer 
separates from the substrate immediately after it is 
deposited or after it is left on the substrate for a long 
time. To improve adhesion between the reflecting layer and 
20 the substrate, various base films must be positioned 
between them. 

[0013] The reflection index of Ag or Ag alloy is the highest 
in visible regions, i.e., the optical wavelength regions 

25 from 400 to 800 nm. However, in the wavelength regions 

below 450 nm, the absorptivity and absorption coefficient 
of Ag increase and the intensity of yellow reflected light 
is increased. Accordingly, a liquid crystal display device 
formed by a Ag-containing reflecting layer and a portable 

30 terminal device including the liquid crystal display 

device have a poor appearance and become yellow over time. 

[0014] Further, Ag is not superior in weather resistance. 
When left in the air, Ag absorbs moisture (especially 
35 water) in the air and turns yellow. Long after an Ag- 

4 



containing reflecting layer is formed on the glass 

ubstrate or the resin substrate, Ag' s characteristic 
feature of high reflection index is impared. 
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5 [0015] An Ag-Pd alloy including Ag and 1-3 wt% Pd, an Ag-Au 
alloy including Ag and 1-10 wt% Au, and an Ag-Ru alloy 
including Ag and 1-10 wt% Ru are well known as binary Ag 
alloys that have high corrosion resistance and high heat 
resistance. However, black stains are observed even in the 

10 alloy layers formed of these Ag alloys when a weatherproof 
test is conducted under high temperature and high humidity 
conditions. It is comfirmed under an optical microscope 
that the black stains are portions that turned black and 
were caused to protrude after Pd reached a limitation of 

15 solid solution with respect to H 2 dissolution. When used 
as building glass, .-the above binary alloy lacks long-term 
stability in humid' regions or when exposed to condensation 
droplets . 

20 [0016] Ag-Au a/loy is well known as a stable alloy in which 
Ag and Au are perfectly mixed in solid states. The 
resistance of the Ag-Au alloy to halogen elements such as 
chlorine is not excellent. The Ag-Au alloy binds to 
chlorine or iodine in the air, which is introduced during 

25 the test, at atomic level, and produces the black stains. 

[0017] Aside from Al and Ag, Au is also known for its high 
reflection index. However, Au is very expensive and 
impractical to use for the reflector of a liquid crystal 
30 display device or the reflecting layer for building glass. 

SUMMARY OF THE INVENTION 

[0018] It is an object of the present invention to provide a 
35 reflecting layer that maintains a high optical reflection 
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index, which is characteristic of Ag, and has improved 
material stability including heat resistance and weather 
resistance. 

[0019] It is another object of the present invention to 
provide a laminate including a coating layer that allows 
the laminate to maintain the high optical reflection index 
of an Ag-containing reflecting layer and to have lower 
absorptivity at short wavelengths. 

[0020] It is yet another object of the present invention to 
provide a laminate including a base film that enhances 
adhesion between an Ag-containing reflecting layer and a 
substrate. 

[0021] It is a further object of the present invention to 
provide a liquid crystal display device having the 
reflective layer or the laminate described above. 



[0022] A reflecting layer of the present invention 
comprises Ag as a main component, a 0.1-3.0 wt% first 
element selected from the group consisting of Au, Pd, and 
Ru, and a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, 
25 and Ru. The second element is different from the first 
element . 

[0023] One laminate comprises a substrate and a reflecting 
layer deposited on the substrate. The reflecting layer 

30 includes Ag as a main component, a 0.1-3.0 wt% first 

element selected from the group consisting of Au, Pd, and 
Ru, and a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, 
and Ru. The second element is different from the first 

35 element. 



[0024] Another laminate comprises a substrate, a base film 
deposited on the substrate, and an Ag-containing 
reflecting layer deposited on the base film. The base film 
5 is made of at least one of Si, Ta, Ti, Mo, Cr, Al, ITO, 
Zn0 2 , Si0 2 , Ti0 2 , Ta 2 0 5 , Zr0 2 , ln 2 0 3 , Sn0 2 , Nb 2 0 5 , and MgO. 

[0025] Yet another laminate comprises an Ag-containing 
reflecting layer and a coating layer deposited on the 
10 reflecting layer. The coating layer includes ln 2 0 3 as a 
main component and at least one of Sn0 2 , Nb 2 O s , Si0 2 , MgO, 
and Ta 2 0 5 . 

[0026] A liquid crystal display device including the 
15 reflective layer or the laminate described above and a 

portable terminal device having the liquid crystal display 
device are also provided. 
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[0027]Other aspects and advantages of the invention will 
become appare/it from the following description, taken in 
conjunction with the accompanying drawings, illustrating 
by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0028]The invention, together with objects and advantages 
thereof, may best be understood by reference to the 
following description of the presently preferred 
embodiments together with the accompanying drawings in 
30 which: 

[0029] Fig. 1 is a perspective view of a portable terminal 
device including a liquid crystal display device. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0030] An Ag-alloy reflecting layer of the present invention 
comprises: 

[0031] i) Ag as a main component; 
5 [0032]ii) a 0.1-3.0 wt% first element selected from the 
group consisting of Au, Pd, and Ru; and 

[0033] iii) a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb f Au, Pd, 
and Ru, wherein the second element is different from the. 
10 first element. 

[0034] The addition of Au, Pd, or Ru to Ag improves the 
weather resistance of Ag under high temperature and high 
humidity conditions. Ag, which is the main component, has 
15 very high thermal conductivity and tends to absorb heat 

and is quickly saturated with heat at the atomic level. Au, 
Pd, and Ru decrease the thermal conductivity of Ag and 
inhibit movement among atoms. Au, Pd, and Ru form whole 
solid solution. The content of Au, Pd, and Ru is 
preferably from 0.7 to 2.3 wt%, most preferably 0.9 wt% . 
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[0035] Cu, Ti, Cr, Ta, Mo, Ni, Al, and Nb, in combination 
with Au, Pd, and Ru, improve the heat resistance and 
weather resistance of the Ag-alloy reflecting layer. The 
content of Cu, Ti, Cr, Ta, Mo, Ni, Al, and Nb is 
preferably from 0.5 to 2.5 wt%, most preferably 1.0 wt%. 

[0036] Without Cu, Ti, Cr, Ta, Mo, Ni, Al, or Nb, two or 
more of Au, Pd, and Ru may be contained in the reflecting 
layer to improve the heat resistance and weather 
resistance of the reflecting layer. 



[0037] In the reflecting layer of the present invention, 
compared with reflecting layers of pure Al and pure Ag, 
35 movement of surface particles is poor. In other words, the 



self-diffusion energy of Ag upon heating is reduced in the 
reflecting layer of the present invention. Accordingly, 
the reflecting layer of the present invention resists 
self-diffusion, which improves heat resistance of the 
reflecting layer. The reflecting layer is heated during 
the manufacturing process or under a certain weather 
condition. In the reflecting layer of the present 
invention, a decrease in the reflection index is prevented. 
Specifically, when the reflecting layer is heated over 
100 t:, a visual change in the reflecting layer (to a dull 
white color) due to self -diffusion and an increase in 
light absorption due to deformation of the surface are 
prevented. 

[0038] The reflecting layer of the present invention has 
high heat resistance, a high reflection index, and is 
stable when exposed to alkaline organic materials. Further, 
the reflecting layer is chemically stable to gas emitted 
from a resin substrate. High heat resistance and 
reflection iryflex are required for a reflector or a 
reflective wiring electrode of the reflection-type liquid 
crystal display device and a heat-ray or infrared-ray 
reflecting layer for building glass. The reflecting layer 
of the present invention may be used for all of them. 

[0039] The reflecting layer of the present invention may be 
produced either by sputtering or by deposition. The 
reflecting layers of the present invention are stable 
regardless of its manufacturing process and have stable 
characteristics for various purposes and for many kinds of 
substrates. 



[0040] A coating layer, which is highly heat-resistant, may 
be laid on the Ag-containing reflecting layer. The coating 
layer includes In 2 Q 3 as a main component and at least one 



of SnO z/ Nb 2 0 5 , Si0 2 , MgO and Ta 2 0 5 . The reflecting layer 
may be of pure Ag or an Ag alloy. In either case, high 
reflection index of the reflecting layer is maintained and 
absorptivity at short wavelengths is reduced compared with 
5 a reflecting layer without a coating layer. 

[0041] The reflecting layer of the present invention, 
together with a resin substrate or a glass substrate, may 
form a laminate. When a resin substrate of specific purity 

10 or composition is used, a large amount of gas occurs. It 
is very likely that metal will react with the gas, and an 
unstable film, such as an oxide film, will form at the 
interface between the reflecting layer and the resin 
substrate. In this case, metal oxide is better than a 

15 metal element for preventing reductive reaction. To 
eliminate the above disadvantage, a base film for 
promoting adhesion may be placed between the reflecting 
layer and the resin substrate or the glass substrate. 

20 [0042] The base film for a glass substrate may include Si, 
Ta, Ti, Mo, Cr, Al, ITO (the composite oxide of In oxide 
and Sn oxide), Zn0 2 , Si0 2 , Ti0 2 , Ta 2 O s , ZrO z , ln 2 0 3 , SnO z , 
Nb 2 O s , or MgO. 

25 [0043] A base film that is made of elemental metals such as 
Si, Ta, Ti, Mo, Cr, and Al may be formed by deposition (or 
evaporation), sputtering, CVD, or ion plating. These 
processes can be used consecutively in producing the base 
film and the Ag alloy reflecting layer, which facilitates 

30 the manufacture of the layers. 

[0044] A base film that is made of metal oxides such as ITO, 
Zn0 2 , Si0 2 , Ti0 2 , Ta 2 0 5 , Zr0 2 , ln 2 0 3 , Sn0 2 , Nb 2 O s , and MgO may 
also be formed easily by deposition, sputtering, or ion 
35 plating. For example, when an IR reflecting layer for a 
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windowpane is formed, a layer of the uniform reflection 
characteristics may be formed by any of the above 
processes . 

5 [0045] When the base film is placed under the. reflecting 
layer, thermal stability of the laminate is ensured. The 
optical characteristics of the laminate are maintained 
regardless of the types of reflecting layers (whether pure 
Ag or an Ag alloy) . Even when the coating layer is laid on 
10 the reflecting layer, the thermal stability of the 

laminate is still ensured and the optical characteristics 
of the laminate are maintained regardless of the types of 
reflecting layers. 

15 [0046] The glass substrates for liquid crystal display 
devices and the glass substrate for building glass are 
large in size. For such substrates, a fine structure and 
accurate surface profile across the thickness are very 
important for the formed layers. Therefore, sputtering is 

20 preferred. WJten the base film is formed by sputtering, the 
atmosphere in the sputtering device is evacuated to form a 
stable base film. When the resin substrate is used, gas 
occurs during the evacuation and the vacuum level is not 
raised. Therefore, for the resin substrate, the deposition 

25 process is preferred. 

[0047] The base film for the resin substrate especially 
requires chemical stability. Thus, the base film for the 
resin substrate is preferably a thin film of metal oxide. 
30 When used with the reflecting layer of the present 
invention, the base film for the resin substrate 
preferably includes ITO, Zn0 2 , SiO z , Ti0 2 , Ta 2 O s , Zr0 2 , ln 2 0 3 , 
Sn0 2 , Nb 2 0 5 , or MgO, more preferably, ITO, Zn0 2 , Si0 2 , Ti0 2 , 
Ta 2 O s , or Zr0 2 . 



35 
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[0048] To have the improved electrical characteristics of a 
reflective wiring electrode, a base film preferably 
includes a conductive metal oxide of IT.O, Zr0 2 or a 
composite oxide about a thickness of 1-10 nm. This base 
film is highly insulative and volume resistivity of the 
laminate> which includes the Ag alloy reflecting layer and 
the base film, is substantially improved. Thus, the 
characteristics of the reflecting layer are maintained 
with the base film. 



[0049] To inhibit the deterioration of optical 
characteristics such as the reflection index and the 
refraction index, a base film preferably includes SiO z/ 
TiO z , Ta 2 O s , Zr0 2 , ln 2 0 3 , Sn0 2 , Nb 2 0 5 , or MgO. Since SiO z 

15 absorbs less light at the optical wavelength regions from 
400 to 4000 nm, it can inhibit the deterioration of the 
reflection index due to the increase in absorptivity. 
Since Ti0 2 , Ta 2 0 5 , Zr0 2 , ln 2 0 3 , Sn0 2 , Nb 2 0 5 , and MgO have high 
refractive indices and low absorptivities , they are also 

20 preferred. 

[0050] When the base film is used, the degree of adhesion 
and the optical characteristics of the laminate are 
improved and the thermal stability of the laminate is 
25 maintained. The optical characteristics of the laminate 
are maintained regardless of the types of the reflecting 
layers (whether pure Ag or an Ag alloy) . Thus, the 
reflecting layers of the present invention achieve the 
best performance. 

30 

[0051] As shown in Fig.l, a portable terminal device 1 
includes a liquid crystal display device 2. The liquid 
crystal display device 2 is formed by a reflector on a 
lower glass substrate, a color filter, a polarizing layer, 
35 a liquid crystal layer, a polarizing layer, a transparent 
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conductive layer, and an upper glass substrate, which are 
laminated in order. The laminate of the present invention, 
which serves as the reflector, is protected from alkaline 
materials generated during the manufacturing process of 
5 the color filter. The laminate has a higher reflection 
index and a lower optical absorptivity than the reflector 
of pure Al or an Al alloy, and a liquid crystal display 
device 2 having the laminate suffers less optical loss. 
The brightness of a liquid crystal display device 2 having 
10 the laminate of the present invention is greater than that 
of a liquid crystal display device having the reflector of 
pure Al or Al alloy. A portable terminal device 1 having 
such a liquid crystal display device 2 has an improved 
display. Therefore, the quality of the product is improved. 

15 

Examples 

/ 

Comparison 

[0052] Ag-alloy reflecting layers were produced from the 
20 binary Ag al^toys. Binary means two elements, i.e., Ag as a 
main component and Au, Pd or Ru. The content of Au, Pd or 
Ru was 0.1-4.0 wt%. 

[0053] Firstly, an Ag target and a Pd target are installed 
25 in a magnetron sputtering apparatus. Electrical discharges 
to the Ag and Pd targets were controlled at the specific 
RF power. Ar (Argon) gas was selectively set within the 
range from 0.1 to 3.0 Pa. The two metal elements were 
simultaneously sputtered to form binary Ag-alloy layers 
30 that contain Pd at several different levels. Ag-alloy 

layers that contain Au or Ru at several different levels 
were also produced. 
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[0054] Quartz substrates, which are 100 mmXlOO mmXl.l t 
in size, were used as a substrate. The temperature of the 
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substrates during the sputtering process was room 
temperature (about 25 . Using Ar gas as an exclusive 
sputtering gas in an high vacuum atmosphere where the 
ultimate vacuum level was 3X10E-6 Pa, the Ag-alloy layer 
5 was deposited on the quartz substrate so that the 
thickness of the layer was 20 nm. 

[0055] The reason for depositing the Ag-alloy layer in the 
high vacuum atmosphere is to prevent impure gas from 
10 staying in the layer and to make the layer compact • Thus, 
the desired characteristics of the Ag-alloy material are 
ensured. 

[0056] The resultant Ag-alloy layers were kept on a hot 
15 plate for about 2 hours. Then the layers were observed. 

The presence or absence of visual change (to a dull white 
color) in the layer surface and the time when the visual 
change occurred were examined. The hot plate was heated to 
250 *C at a heating rate of 20 t^/min by resistance heating. 
20 The reflectiph index of the Ag-alloy layers before and 

after heating was also examined. The results are shown in 



Table 1. 

Table 1 



Material 
composition 
(wt%) 


Surface state of the layer 
after heating at 250 °C 


The time 
when the 
visual 
change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelength of 800 nm) 


Ag 


dull white color over the 
surface 


100 °C 


-25 % 


Ag99.9Pd0.1 


dull white color over the 
surface 


100 °C 


-22 % 


Ag99.5Pd0.5 


dull white color over the 
surface 


100 °o 


-22% 


Ag99.0Pdl.0 


dull white color over the 
surface 


120 °C 


-21 % 


Ag98.5Pdl.5 


dull white color over the 
surface 


120 °C 


-21 % 


Ag98.0Pd2.0 


dull white color over the 
surface 


130 °C 


-20 % 


A*97.5Pd2.5 


dull white color at the 


150 °C 


-7.4 % (unchanged region 
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middle portion 



was measured) 



Ag97.0Pd3.0 



weak white color around 
the middle portion 



150 °C 



-6.5 % (unchanged region 
was measured) 



Ag96.5Pd3.5 



weak white color around 
the middle portion 



150 °C 



-6.1 % (unchanged region 
was measured) 



Ag96.0Pd4.0 



weak white color around 
the middle portion 



150 °C 



-6. 1 % (unchanged region 
was measured) 



Ag99.9Au0.1 



dull white color over the 
surface 



100 °C 



-22 % 



Ag99.5Au0.5 



dull white color over the 
surface 



100 °C 



-22 % 



Ag99.0Aul.O 



dull white color over the 
surface 



120 °C 



-21 % 



Ag98.5Aul.5 



dull white color over the 
surface 



120 °C 



-21 % 



Ag98.0Au2.0 



dull white color over the 
surface 



130 °C 



-21 % 



Ag97.5Au2.5 



dull white color at the 
middle portion 



150 °C 



-7.0 % (unchanged region 
was measured) 



Ag97.0Au3.0 



weak white color around 
the middle portion 



150 °C 



-6.5 % (unchanged region 
was measured) 



Ag96.5Au3.5 



weak white color around 
the middle portion 



150 °C 



-6.0 % (unchanged region 
was measured) 



Ag96.0Au4.0 



weak white color around 
the middle portion 



150 °C 



-6.0 % (unchanged region 
was measured) 



Ag99.9Ru0.1 



dujl white color over the 
surface 



100 °C 



-22 % 



Ag99.5Ru0.5 



dull white color over the 
surface 



100 °C 



-22 % 



Ag99.0Rul.O 



dull white color over the 
surface 



120 °C 



-21 % 



Ag98.5Rul-5 



dull white color over the 
surface 



120 °C 



-20% 



Ag98.0Ru2.0 



dull white color over the 
surface 



130 °C 



20 % 



Ag97.5Ru2.5 



dull white color at the 
middle portion 



150 °C 



-7.4 % (unchanged region 
was measured) 



Ag97.0Ru3.0 



weak white color around 
the middle portion 



150 °C 



6.5 % (unchanged region 
was measured) 



Ag96.5Ru3.5 



weak white color around 
the middle portion 



150 °C 



-6.1 % (unchanged region 
was measured) 



Ag96.0Ru4.0 



weak white color around 
the middle portion 



150 °C 



-6.1 % (unchanged region 
was measured) 



[0057] As shown in Table 1, the visual change in the layer 
surface was not inhibited in the binary Ag-alloy layers 
including Au, Pd, or Ru as in the pure Ag layer. It was 

15 



supposed that these binary layers were not heat resistant 
and unstable when exposed to the outdoor temperatures and 
sun rays. The reflection index of the binary Ag-alloy 
layers after heating was improved by only 2 to 3 % 
compared with that of the pure Ag layer after heating. 
Therefore, no anti-surface diffusion effects due to the 
addition of Au, Pd, and Ru were confirmed. 

Example 1 
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[0058] Ag-alloy reflecting layers of the present invention 
were produced from the ternary Ag alloys. Ternary means 
three elements, i.e., Ag as a main component, a first 
element selected from the group consisting of Au, Pd, and 
15 Ru, and a second element selected from the group 

consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, and 
Ru. The second element is different from the first element 
The contents of the first element and the second element 
were 0.1-3.0 wt% . 



20 
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[0059] Firstly, targets of Ag target, the first element, and 
the second element are installed in a magnetron sputtering 
apparatus. The three metal elements were simultaneously 
sputtered to form Ag-alloy layers. 

[0060] As in the Comparison, quartz substrates, which were 
100 mmXIOO mmXl.l t in size, were used as a substrate. 
The temperature of the substrates during the sputtering 
process was kept at room temperature (about 25 *C) . Using 
Ar gas as an exclusive sputtering gas in an high vacuum 
atmosphere where the ultimate vacuum level was 3X10E-6 Pa, 
the Ag-alloy layer was deposited on the quartz substrate 
so that the thickness of the layer was 200 nm. 
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[0061] The resultant Ag-alloy layers were kept on a 

16 




plate for about 2 hours. Then the layers were observed. 
The presence or absence of visual change (to a dull white 
color) in the layer surface and the time when the visual 
change occurred were examined. The reflection index of the 
Ag-alloy layers before and after heating was also examined. 
The results are shown in Table 2. 



/ 
/ 
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Table 2 



TV/fate rial 
composition 
(wt%) 


Surface state of the 
layer after heating at 
250 °C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 

and after heating 
(wavelength of 800 nm) 


Ag99.8Pd0.lCu0.1 


no change observed 




-1.1 % 


Ag98.4Pd0.lCul.5 


no change observed 




-1.0 % 


Ae96.9Pd0.lCu3.0 


no change observed 




-1.0 % 


Ag98.4Pdl.5Cu0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Cul.5 


no change observed 


— 


-0.7 % 


Ae95.5Pdl.5Cu3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Cu0.1 


no change observed 


— 


-1.0 % 


Ag95.5Pd3.0Cu 1.5 


no change observed 


— 


-0.5 % 


Ae94.0Pd3.0Cu3.0 


no change observed 


— 


-0.4 % 


Ae99.8Pd0.1Ti0.1 


no change observed 


— 


-1.1 % 


Ae98.4Pd0.1Til.5 


no change observed 


— 


-1.0 % 


Ae96.9Pd0.1Ti3.0 


no change observed 


— 


-1.0 % 


Ag98.4Pdl.5Ti0.1 


no change observed 


— 


-0.9 % 


Ae97.0Pdl.5Til.5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Ti3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Ti0.1 


no change observed 


— 


-1.0 % 


Ag95.5Pd3.0Til.5 


no change observed 


— 


-0.5 % 


Ag94.0Pd3.0Ti3.0 


no change observed 


— 


-0.4 % 


Ag99.8Pd0.lCr0.1 


no change observed 


■ — ■ 


-1.1 % 


Ag98.4Pd0.lCrl.5 


no change observed 


— 


-1.0 % 


Ag96.9Pd0.lCr3.0 


no change observed 


— 


-1.0 % 


Ae98.4Pdl.5Cr0.1/ 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Crl.al 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Cr3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Cr0.1 


no change observed 


— 


-1.0 % 


Ag95.5Pd3.0Crl.5 


no change observed 


— 


-0.5 % 


Ag94.0Pd3.0Cr3.0 


no change observed 


— 


-0.4 % 


Ag99.8Pd0.lTa0.1 


no change observed 


— 


-1.1 % 


Ag98.4Pd0.1Tal.5 


no change observed 




-1.0 % 


Ag96.9PdO. 1 la3.U 


no cnange ODserveu 




-1.0 % 


Ag98.6Pdl.5Ta0.1 


no change observed 




-0.9 % 


Ae97.0Pdl.5Tal.5 


no change observed 




-0.7 % 


A*95.5Pdl.5Ta3.0 


no change observed 




-0.7 % 


Ae96.9Pd3.0Ta0.1 


no change observed 




-1.0 % 


Ae95.5Pd3.0Tal.5 


no change observed 




-0.5 % 


Ag94.0Pd3.0Ta3.0 


no change observed 




-0.4 % 
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Table 2 Continued 



Material composition 
(wt%) 


Surface state of the 
layer after heating at 
250°C 


The time the 
visual change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelengtn ot oUU nmj 


Ae98.4Pd0.lNi0.1 


no change observed 




-1.1 /o 


Ae98.4PdO.lNil. 5 


no change observed 




-l.U /o 


Ae96.9Pd0.lNi3.0 


no change observed 


— — 


-l.U % 


AK98.4Pdl.5Ni0.1 


no change observed 




•0.9 % 


Aff97.0Pdl.5Nil.5 


no change observed 




-0.7 % 


Ae95.5Pdl.5Ni3.0 


no change observed 




-0.7 % 


Ae96.9Pd3.0Ni0.1 


no change observed 


— 


-1.0 % 


Ais95.5Pd3.0Nil.5 


no change observed 


— 


-0.5 % 


Ae94.0Pd3.0Ni3.0 


no change observed 




-0.4 % 


Ae99.8Pd0.1A10.1 


no change observed 


— 


-1.1 % 


Ae98.4Pd0.1A11.5 


no change observed 




-1.0 % 


Ae96.9Pd0.1A13.0 


no change observed 


— 


-1.0 % 


Ae98.4Pdl-5A10.1 


no change observed 


— 


-0.9 % 


AR97.0Pdl.5A11.5 


no change observed 


— 


-0.7 % 


Ae95.5Pdl.5A13.0 


no change observed 


— 


-0.7 % 


AE96.9Pd3.0A10.1 


no change observed 


— 


-1.0 % 


Ae95.5Pd3.0A11.5 


no change observed 


— 


-0.5 % 


Ae94:0Pd3.0A13.0 


no change observed 


— 


-0.4 % 


Ae99.8Pd0.1Nb0.1 


no change observed 


— 


-1.1 % 


Ae98.4Pd0.lNbl.5 


no change observed 




-1.0 % 


Ag96.9Pd0.1Nb3.0 


no change observed 




-1.0 % 


Ae98.4Pdl.5Nb0.1/ 


no change observed 




-0.9 % 


Atr97.0Pdl.5Nbl.5 


no change observed 




-0.7 % 


Ae95.5Pdl.5Nb3.0 


no change observed 




-0.7 % 


Ae96.9Pd3.0Nb0.1 


no change observed 




-1.0 % 


Ac95.5Pd3.0Nb 1.5 


no change observed 




-0.5 % 


A*94.0Pd3.0Nb3.0 


no change observed 




-0.4 % 
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Table 2 Continued 



Material 
composition 
(wt%) 


Surface state of the 
layer after heating at 
250 C 


1 he time tne 
vicuaI chancre 
occurred 


jLrinereiiceo 01 
reflection index before 
and after heating 
(wavelength of 800 
nm) 


AcrQQ ftPdO lMoO.l 


no change observed 




-1.1 % 


A rrQft APHft lMol 5 


no change observed 





-1.0 % 


a„qc oPrin iMnf) 0 
Ag9u.y* QLr- liwuu.u 


no ati tre observed 




-1.0 % 


A .no APrl 1 KMoO 1 


no change observed 




-0.9 % 


Agy / .urQi'Wiuui.u 


no change observed 




-0.7 % 


Ag9 5 . D ru 1 . OIVIOO . U 


nn r*VioTic7 A nnfiPTVPfl 


■ 


-0.7 % 


A c%e* oDJ Q ftlV^rift 1 
Aff9 D . 9 "a O . U1VLOU . ± 


nn pTinncrp n b rvp H 
ixu cuniiKv uuoca vw\a 




-1.0 % 


Ag9 5 . 5Pa o . u jVLo i . o 


A A /> ft O TI (TO A A CO n7A fl 




-0.5 % 


Ae94.0Pdo.uiVLoo.u 


a a /> no acta AnfiOTVPn 




-0.4 % 


a aa on J f\ 1 A f\ 1 

Ag99.8PaO.XAuu.x 


no cncingc uuocrvcu 




-1.1 % 


A /in A J f\ 1 A « « 1 C 

Ag98.4PdO.XAuX.o 


no cri« oDocrvcu 




-1.0 % 


Ag96.9PdO.LAuu.U 


w% m^ n ft n vi ITA AnCA1*1fDn 

no cnange ouocrveu. 




-1.0 % 


Ag98.4Pd I.oauu. i 


no CUaUgc UUocIvcu 




-0.9 % 


m. n mm nn "1 ^ C A - — 1 C 

Ag97.0Pdl.5AuX.5 


no change observed 




-0.7 % 


a ap» rT>J 1 CAttQ ft 

Ag9 5 . 5Pd 1 . o Aud . U 


no cnangc oDocrvcu 




-0.7 % 


Ag96.9Pd3.UAuu.x 


no cnange ooseirveu. 




-1.0 % 


a a er c T> J O H An 1 K 

Ag9 5 . 5Pd o.UAu x . o 


v*a a r» o oro a V* COfVPrl 
no Cllallgc UUoci vcu 




-0.5 % 


A _ _ a a f\T*J\ O HAiiQ ft 

Ag94.0Pd3.UAuo.u 


wa Vt a a rro nn601*VPn 




-0.4 % 


A _AA O A f\ 1 Pn fl 1 

Ae99.8AuO- xxtuu. x 


ma <-*Vi o a cto a _CO T^l7#*fl 
XIO tUaiigC uuoci vcu 




-1.0 % 


a ao jI A«n 1 "D fc 

Ag98 .4Auu - xxvu x . o 


a a plioriffP nriRPrVPn 




-0.8 % 


A AA..A iPllQ ft 

Ap9D.9Auu.xivuo.i4 


ha r»Ti n ti ap nVisf*rved 


_ 


-0.5 % 


i Art ylA-.i1 **Pllft A 

Ag9 o . 4AU X . o ±\ uu . i 


a a r*Vi o ti cro nVlRPTVed 




-1.0 % 


Ag9 7 -OAu X . oxtu x . o 


■n a /*V« a a oro nnflPTVPn 




-0.3 % 




no chRnere observed 




-0.6% 


a _Ofi QA,iQ O/Rllft 1 

Afr9o.yAUo.wrvuv. x 


Tin r*h an fre observed 




-0.8 % 


A#vQJ* f\An<% ORul 5 


no change observed 




-0.5 % 


A**QA ft An 3 0Rll3 0 


no change observed 





-0.8 % 


AcrQQ APrlft lRuO 1 


no chancre observed 




-1.0 % 


Ajr98.4Pd0.1Rul.5 


no change observed 


— 


-0.9 % 


Ae96.9Pd0.1Ru3.0 


no change observed 




-1.0 % 


Ag98.4Pdl.5Ru0.1 


no change observed 




-0.9% 


Ae97.0Pdl.5Ru 1.5 


no change observed 




-0.8 % 


Ag95.5Pdl.5Ru3.0 


no change observed 




-0.7 % 


Ae96.9Pd3.0Ru0.1 


no change observed 




" -1.0% 


Ag95.5Pd3.0Rul.5 


no change observed 




-0.6 % 


Ag94.0Pd3.0Ru3;0 


no change observed 




-0.4 % 
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AgAuXb Table 2 Continued 



Material 
comp ositdon 
(wt%) 


Surface state of the 
layer after neating at 


TVio f i mo the 

visual change 
occurred 


Fiiffiprpncps of 

reflection index before 
and after heating 
(wavelength of 800 
nm) 


Acr99 8AuO.lCu0.1 


no change observed 


— 


-0.9 % 


AcrQft 4AnO lCul.5 


no change observed 


— 


-0.8 % 


A crpfi QAllO 1Cu3.0 


no change observed 


_ 


-0.8% 


ArrQP. 4 Alii 5CuO 1 


no change observed 





-0.7 % 


a — 0*7 nAiil RCTi! 1 R 
AgiJ /.UAul'Wvui.i/ 


no chancre observed 




-0.6% 




no change observed 




-0.5 % 


a„qc qa,iQ nrinO i 


nn chancre observed 




-0.8 % 


Agao.DAuo.uuui.o 


nn r»Ti n n ty#* nnSf^TVGQ 




-0.5% 




nn rYiniiPP observed 




-0.6% 


Ag99»oAiiU. J. i iu« a 


Tin plionirp nnfiPrVRfl 





-0.9 % 




nn f*Vifln*r*» ohserved 


_ 


-0.6 % 


Ag96.9AuU.xiio.u 


HO CXltiXl^Vf LIU OCA VdA 




-0.3% 


Ag98.4Aul.oliu.i 


nn /* Vi o ti (ta nnCPn/'Pn 




-0.5 % 


a nn n A 1 K*T*i 1 K 

Ag97.0Aul.oiii.o 


no CDallgC UUocivcu 




-0.8 % 


Ae9 5 . 5Au 1 . o i lo .u 


nn aVioikto nnfiprvpfl 




-0.6 % 


AggD."AUJ-^ x xu. x 


nn rKfln?fi observed 




-0.9 % 


A «OC CA„Q ftTHI S 
AE"t>.OAuO.Uiii.w 


nn chance observed 




-1.1 % 


a~o>< nAiiQ flTS3 0 


nn cnnncre observed 




-1.0% 


a nn oAnn 1 1 

Ag99 .oAUU. x v>ru- x 


nn rlifln?p observed 




-0.8 % 


* no a And 1 1Tr 1 


nn chance observed 




-1.0 % 




no chancre observed 




-0.6 % 


aaq iA.ii ^ifiro Y 


nn rfiflnpf observed 




-0.9 % 


a ~ckH nAiil fiCrl 5 


no change observed 





-0.4 % 


A„Qf; f^Aiil 5Cr3 0 


no change observed 





-1.1 % 


a_qc QAu3 OCrO 1 


no change observed 




-0.8 % 


AcrQ^ *>Au3 OCrl 5 


no change observed 





-0.9 % 


AcrQil OAii3 0Cr3 0 


no change observed 





-0.7 % 


ArrQQ AAuO ITaO.l 


no change observed 





-0.5 % 


Ae98.4Au0.1Tal.5 


no change observed 


— 


-0.6 % 


Ae96.9Au0.1Ta3.0 


no change observed 




-1.1 % 


Ag98.6Aul.5Ta0.1 


no change observed 




-0.4 % 


AK97.0Aul.5Tal.5 


no change observed 




-0.9 % 


Ag95.5Aul.5Ta3.0 


no change observed 




-0.8 % 


Atr96.9Au3.0Ta0.1 


no change observed 




-0.5% 


AK95.5Au3.0Ta 1.5 


no change observed 




-1.0 % 


Ae94.0Au3.0Ta3.0 


no change observed 




-0.6% 
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Table 2 Continued 



Material 
comp osi nun 
(wt%) 


Qnvfopo etafo of fnP 
OUXIaCe oLabC Ui nic 

IflVPr nftpr Vipatinc at 

250°C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 
and after heating 
(wavelength of 800 
nm) 


Ag99.8Au0.1Mo0.1 


no change observed 


— 


-0.7 % 


Ag98.4AuO.lMol. 5 


no change observed 


— 


-1.1 % 


Ag96.9Au0.lMo3.0 


no change observed 


— 


-0.8 % 


Ag98.4Aul.5Mo0.1 


no change observed 


— 


-0.4 % 


Ag97.0Aul.5Mol.5 


no change observed 


— 


-0.8% 


Ag95.5Aul.5Mo3.0 


no change observed 


— 


-0.3% 


Ag96.9Au3.0Mo0.1 


no change observed 


— 


-0.9 % 


Ag95.5Au3.0Mo 1.5 


no change observed 


— 


-1.1 % 


Ag94.0Au3.0Mo3.0 


no change observed 


— 


-1.0 % 


Ag99.8Au0.lNi0.1 


no change observed 


— 


-0.5 % 


Ag98.4AuO. lNil.5 


no change observed 


— 


-1.1 % 


Ag96.9AuO. lNi3.0 


no change observed 


— 


-0.8 % 


Ae98 .4Au 1 . 5NiO. 1 


no change observed 


— 


-0.4 % 


Ag97.0Aul.5Nil.5 


no change observed 


— • 


-1.0 % 


Ag95.5Aul.5Ni3.0 


no change observed 


— 


-0.7 % 


Ag96.9Au3.0Ni0. 1 


no change observed 


— 


-0.9 % 


Ag95.5Au3.0Nil.5 


no change observed 


— 


-0.6 % 


Ag94.0Au3.0Ni3.0 


no change observed 


— 


-0.8 % 


Ag99.8Au0.lA10.1 


no change observed 


— 


-1.09% 


Ag98.4Au0.lA11.5 


no change observed 


— 


-1.1 % 


Ag96.9Auo.iAi3.o, 


no change observed 


— 


-0.7 % 


Ag98.4Aul.5A10.!' 


no change observed 


— 


-0.9 % 


Ag97.0Aul.5A11.5 


no change observed 


— 


-0.5 % 


Ag95.5Aul.5A13.0 


no change observed 


— 


-0.4 % 


Ag96.9Au3.0A10.1 


no change observed 


— 


-0.8 % 


Ag95.5Au3.0A11.5 


no change observed 


— 


-1.0 % 


Ag94.0Au3.0A13.0 


no change observed 


— 


-1.1 % 


Ag99.8Au0.1Nb0.1 


no change observed 


— 


-1.1 % 


Ag98.4Au0.1Nbl.5 


no change observed 


— 


-1.0 % 


Ag96.9Au0.lNb3.0 


no change observed 




-U.SI /o 


Ag98.4Aul.5Nb0.1 


no change observed 




-0.8 % 


A*97.0Aul.5Nbl.5 


no change observed 




-0.7 % 


Ae95.5Aul.5Nb3.0 


no change observed 




-0.8 % 


Ag96.9Au3;0Nb0.1 


no change observed 




-1.0 % 


Ag95.5Au3.0Nbl.5 


no change observed 




-0.4 % 


Ag94.0Au3.0Nb3.0 


no change observed 




-0.4 % 



22 



AgRuX Table 2 Continued 



iVl&Ler ltii 
comp osition 
(wt%) 


Snrfar*p Qtflte of the 

layer after heating at 
250°C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 
and after heating 
(wavelength of 800 
nm) 


Ag99.8Ru0.1Cu0.1 


no change observed 


— 


-0.9 % 


Ag98.4Ru0.lCul.5 


no change observed 


— 


-0.8 % 


Ag96.9Ru0.lCu3.0 


no change observed 


— 


-0.7 % 


Ag98.4Rul.5Cu0.1 


no change observed 


— 


-0.7 % 


Ag97.0Rul.5Cul.5 


no change observed 


— 


-0.6 % 


Ag95.5Rul.5Cu3.0 


no change observed 


— 


-0.5 % 


Ag96.9Ru3.0Cu0.1 


no change observed 


— 


-0.7 % 


Ar95.5Ru3.0Cu 1.5 


no change observed 


— 


-0.5 % 


Ag94.0Ru3.0Cu3.0 


no change observed 


— 


-0.6 % 


Ag99.8Ru0.1Ti0.1 


no change observed 


— 


-0.9 % 


Ag98.4Ru0.1Til.5 


no change observed 


— 


-0.6 % 


Ag96.9Ru0.lTi3.0 


no change observed 


— 


-0.4 % 


Ag98.4Rul.5Ti0.1 


no change observed 


— 


-0.5 % 


Ag97.0Rul.5Til.5 


no change observed 


— 


-0.8 % 


Ag95.5Rul.5Ti3.0 


no change observed 


— 


-0.5 % 


Ag96.9Ru3.0Ti0.1 


no change observed 


— 


-0.9 % 


Ag95.5Ru3.0Til.5 


no change observed 


— 


-1.1 % 


Ag94.0Ru3.0Ti3.0 


no change observed 


— 


-1.0% 


Ag99.8Ru0.lCr0.1 


no change observed 


— 


-0.8% 


Ag98.4Ru0.lCr 1.5 


no change observed 


— 


-1.0% 


Ag96.9Ru0.lCr3.0, 


no change observed 


— 


-0.6 % 


Ag98.4Rul.5Cr0.1 


no change observed 


— 


-0.8% 


Ag97.0Rul.5Crl.5 


no change observed 


' — 


-0.4 % 


Ag95.5Rul.5Cr3.0 


no change observed 


— 


-1.0% 


Ag96.9Ru3.0Cr0.1 


no change observed 


— 


-0.8 % 


Ag95.5Ru3.0Crl.5 


no change observed 


— 


-0.9 % 


Ag94.0Ru3.0Cr3.0 


no change observed 


— 


-0.8 % 


Ag99.8Ru0.1Ta0.1 


no change observed 


— 


-0.9 % 


Ag98.4Ru0.1Tal.5 


no change observed 




-0.8 % 


Ag96.9RuO. lTa3.0 


no change observed 




-0 7 % 


Ag98.6Rul.5Ta0.1 


no change observed 




-0.7 % 


Ag97.0Rul.5Ta 1.5 


no change observed 




-0.6 % 


Ag95.5Rul.5Ta3.0 


no change observed 




-0.5 % 


Ag96.9Ru3.0Ta0.1 


no change observed 




-0.7 % 


Ag95.5Ru3.0Tal.5 


no change observed 




-0.6 % 


Ag94.0Ru3.0Ta3.0 


no change observed 




-0.6 % 



23 




Table 2 Continued 



Material 
composition 
(wt%) 


Surface state of the 
layer after heating at 
250°C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 
and after heating 
(wavelength of 800 
nmj 


Ag99.8Ru0.lMo0.1 


no change observed 




-u.o so 


Ag98.4RuO.lMoi. 5 


no change observed 




-l.U /o 


Ag96.9Ru0.lMo3.0 


no change observed 




-U.O so • 


Ag98.4Rul.5Mo0.1 


no change observed 


— 


n H OA 
-U. / so 


Asr97.0Rul.5Mol.5 


no change observed 




-U.4 so 


Ar95.5Ru1.5Mo3.0 


no change observed 




1 1 OA 


Ae96.9Ru3.0Mo0.1 


no change observed 




f\ o oz 

-O.o % 


Ag95.5Ru3.0Mol.5 


no change observed 


— — 


-0.7 % 


A*?94.0Ru3.0Mo3.0 


no change observed 




-0.6 % 


Ag99.8Ru0.lNi0.1 


no change observed 


— 


-1.0 % 


A&98.4Ru0.lNil.5 


no change observed 


— 


-1-1 % 


Aff96.9Ru0.lNi3.0 


no change observed 


— 


-0.8 % 


Ag98.4Rul.5Ni0.1 


no change observed 


— 


-0.8 % 


Ae97.0Rul.5Nil.5 


no change observed 


— 


-0.5 % 


Ac95.5Rul.5Ni3.0 


no change observed 


— 


-0.5 % 


As96.9Ru3.0Ni0.1 


no change observed 


— 


-0.7 % 


A{?95.5Ru3.0Nil.5 


no change observed 


— 


-1.0 % 


Aff94.0Ru3.0Ni3.0 


no change observed 


— 


-1.1 % 


A&99.8Ru0.lA10.1 


no change observed 


— 


-1.0 % 


As98.4Ru0.lA11.5 


no change observed 


—~ 


-1.1 % 


A*96.9Ru0.lA13.0, 


no change observed 


~—~ 


-0-7 % 


A*98.4Rul.5A10.:f 


no change observed 




-0.9 % 


A*97.0Rul.5A11.5 


no change observed 




-0.5 % 


As95.5Rul.5A13.0 


no change observed 




ft K 0/ 

-0.5 7b 


As96.9Ru3.0A10.1 


no change observed 


— 


A Q Oil 


Ak95.5Ru3.0A11.5 


no change observed 




1 A OZ 


Ak94.0Ru3.0A13.0 


no change observed 


— 


110/ 
-1.1 % 


A*99.8Ru0.1Nb0.1 


no change observed 




1 1 oz 
-X.J. /O 


Aj?98.4Ru0.lNbl.5 


no change observed 




i n oa 

-l.U /o 


a„oc QPufi 0 


no rhanee observed 




-0.8 % 


Aj?98.4Rul.5Nb0.1 


no change observed 




-0.8 % 


Ag97.0Rul.5Nbl.5 


no change observed 




-0.7 % 


A*95.5Rul.5Nb3.0 


no change observed 




-0.7 % 


Ag96.9Ru3.0Nb0.1 


no change observed 




-1.0 % 


Ag95.5Ru3.0Nb 1.5 


no change observed 




-0.5 % 


Ag94.0Ru3.0Nb3.0 


no change observed 




-0.4 % 



[0062] While the surface change and the accompanying 
decrease in the reflection index were observed with the 
5 Ag-alloy layers in the Comparison, they were not observed 
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with the Ag-alloy layers of any examined composition in 
Example 1, as shown in Table 2. 

[0063] Moreover, the quartz substrates, on which various Ag- 
alloy layers were deposited and which were heated to 250 °C 
as described , were further kept on a hot plate at 400 
for two hours. The surface change and the decrease in the 
reflection index were not observed in the Ag-alloy layers 
of any examined composition (data not shown). 



[0064] The Ag-alloy reflecting layers that included Ag and 
0.1-3-0 wt% Cu, Ti, Cr, Ta, Mo, Ni, Al, or Nb but did not 
include Au, Pd, or Ru were produced. As described, the Ag- 
alloy layer was deposited on the quartz substrate so that 
15 the thickness of the layer was 15nm by simultaneous 

sputtering. The visual change of the layers was observed 
over time both at 250 'C and 4 00 *C . All the layers became 
white and the reflection index was decreased (data not 
shown) . 



[0065] Taken together, it was revealed that the Ag-alloy 
layers including Ag as a main component, the first element, 
and the second element had improved heat resistance and 
maintained high reflection index. 

Example 2 



[0066] In this Example, the utility of the ternary Ag-alloy 

layers as reflectors and reflective wiring electrodes for 
30 reflection-type liquid crystal display devices was studied. 

[0067] The anti-corrosive study on chemical stability was 
conducted with respect to the conventional metal layers 
(pure Al, an Al alloy, Ag, binary Ag-alloys) and the 
35 ternary Ag-alloy layers of the present invention. A liquid 

25 




resist was applied to the reflecting layers and the 
pattern was formed on them. Then the reflecting layers 
were washed with an alkali solution (5 % KOH aqueous 
solution) to remove the resist. The surface of the layers 
5 was observed. The results are shown in Table 3. 



Table 3 



Material composition (wt%) 


All 1* 1 i * 

Alkali solution 


Al 


completely reacted 


A196.0Me4.0 


completely reacted 


Al coated with acrylic resin 


partially reacted 


Ag98.0Pd2.0 


many black stains 


A(j97.0Pd3.0 


moderate black stains 


Ag99.8Pd0.1Cu0.1 


no change 


Ag99.4Pd0.5Cu0.1 


no change 


Ag98.lPdO.9Cu 1.0 


no change 


Ae98.9Pdl.0Cu0.1 


no change 


Ag97.9Pd2.0Cu0.1 


no change 


Ag96.9Pd3.0Cu0.1 


no change 


Ag96.5Pd3.0Cu0.5 


no change 


Ag94.0Pd3.0Cu3.0 


no change 


Ag99.8Pd0.1Ti0.1 


no change 


Ag99.4PdO.5TiO. 1 


no change 


Ag98.1Pd0.9Til.O 


no cnange 


Ag98.9Pd 1 .OTiO. 1 


no cnange 


Ag9yT.9Jrd2.uliO. 1 


no cnanKt? 


A-A£ QT) J Q ATtVA i 

Agiio.yr ao.iriiu. 1 


Tin ri n t\ erf* 


A^nc enjn /VTCA R 






no chanfire 




no chancre 


Ag98.4Pd0.lCrl.5 


no change 


Ag96.9Pd0.lCr3.0 


no change 


Ag98.4Pdl.5Cr0.1 


no change 


Ag97.0Pdl.5Crl.5 


no change 


Ag95.5Pdl.5Cr3.0 


no change 


Ag96.9Pd3.0Cr0.1 


no change 


Ag95.5Pd3.0Crl.5 


no change 


Ag94.0Pd3.0Cr3.0 


no change 


Ag99.8Pd0.1Ta0.1 


no change 


Ag98.4Pd0.lTal.5 


no change 


Ag96.9Pd0.1Ta3.0 


no change 


Ag98.4Pdl.5Ta0.1 


no change 


Ag97.0Pdl.5Tal.5 


no change 


Ag95.5Pdl.5Ta3.0 


no change 


Aff96.9Pd3.0Ta0.1 


no change 


Ag95.5Pd3.0Tal.5 


no change 


Ag94.0Pd3.0Ta3.0 


no change 
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Ag99.8Pd0.1Mo0.1 


no change 


Ae98.4Pd0.1Mol.5 


no change 


Ac96.9Pd0.lMo3.0 


no change 


Ae98.4Pdl.5Mo0.1 


no change 


Ac97.0Pdl.5Mol.5 


no change 


Ae95.5Pdl.5Mo3.0 


no change 


Ac96.9Pd3.0Mo0.1 


no change 


Ac95.5Pd3.0Mol.5 


no change 


Ag94.0Pd3.0Mo3.0 


no change 


Ac98.4Pd0.1Ni0.1 


no change 


Ac98.4Pd0.lNil.5 


no change 


Ac96.9Pd0.1Ni3.0 


no change 


Ac98.4Pdl.5Ni0.1 


no change 


Ac97.0Pdl.5Nil.5 


no change 


Ac95.5Pdl.5Ni3.0 


no change 


At?96.9Pd3.0Ni0.1 


no change 


Ac95.5Pd3.0Nil.5 


no change 


Ac94.0Pd3.0Ni3.0 


no change 


Ac99.8Pd0.1A10.1 


no change 


Ac98.4Pd0.1Al 1.5 


no change 


Ag96.9Pd0.1A13.0 


no change 


Ac98.4Pdl.5A10.1 


no change 


Ac97.0Pdl.5A11.5 


no change 


Ac95.5Pdl.5A13.0 


no change 


Ac96.9Pd3.0A10.1 


no change 


Ac95.5Pd3.0A11.5 


no change 


Ac94.0Pd3.0A13.0 


no change 


Ag99.8Pd0.1Nb0.1 


no change 


Ac98.4PdO.lNb 1.5 


no change 


Acgte.gpdo.iNbs.o 


no change 


Ac98.4Pdl.5Nb0.1 


no change 


Ac97.0Pdl.5Nbl.5 


no change 


Ac95.5Pdl.5Nb3.0 


no change 


Ac96.9Pd3.0Nb0.1 


no change 


Ac95.5Pd3.0Nb 1.5 


no change 


Ac94.0Pd3.0Nb3.0 


no change 


Ac99.8Pd0.1Au0.1 


no change 


Ae98.4Pd0.1Au 1.5 


no change 


Ac96.9Pd0.lAu3.0 


no change 


Ae98.4Pdl.5Au0.1 


no change 


Ae97.0Pdl.5Au 1.5 


no change 


Ac95.5Pdl.5Au3.0 


no change 


Ac96.9Pd3.0Au0.1 


no change 


Ac95.5Pd3.0Aul.5 


no change 


Ac94.0Pd3.0Au3.0 


no change 


Ag99.8Ru0.lAu0.1 


no change 


Ar98.4RuO.1Au 1.5 


no cnn.ii kg 


Ag96.9Ru0.1Au3.0 


no change 


Ag98.4Rul.5Au0.1 


no change 


Ag97.0Rul.5Aul.5 


no change 


Ag95.5Rul.5Au3.0 


no change 


Ag96.9Ru3.0Au0.1 


no change 
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Ae95.5Ru3.0Au 1.5 


no chanee 


Ae94.0Ru3.0Au3.0 


no chanee 


AR99.8Pd0.1Ru0.1 


no chanee 


Ae98.4PdO.lRu 1.5 


no chanee 


Ae96.9Pd0.lRu3.0 


no chanee 


Ae98.4Pdl.5Ru0.1 


no chanee 


Ae97.0Pdl.5Rul.5 


no chanee 


Ae95.5Pdl.5Ru3.0 


no chanee 


Ae96.9Pd3.0Ru0.1 


no chanee 


Ae95.5Pd3.0Rul.5 


no chanee 


Atr94.0Pd3.0Ru3.0 


no chanee 


AeAuX Table 3 Continued 


Material composition (wt%) 


Alkali solution 


Ag98.0Au2.0 


many black stains 


Ae97.0Au3.0 


moderate black stains 


Ae99.8Au0.lCu0.1 


no chanee 


Ae99.4Au0.5Cu0.1 


no change 


Ae98.1Au0.9Cul.0 


no chanee 


Ae98.9Aul.0Cu0.1 


no chanee 


Ae97.9Au2.0Cu0.1 


no chanee 


Ae96.9Au3.0Cu0.1 


no cnanpe 


Ae96.5Au3tf)Cu0.5 


no cnanee 


Ae94.0Au3.0Cu3.0 


no CXlo-IlKC 


Ae99.8Au0.1Ti0.1 




Ae99.4Au0.5 1 lO. 1 


nn chancre 


A _AQ 1 A** ft OTVl ft 

Ag98. IAuU .9 1 11 .U 


no chanee 


A^no oA«1 ftTifi 1 


no chanee 


Arr^T QAiiO nTSO 1 


no chanee 


Ae96.9Au3.0Ti0.1 


no chanee 


Ae96.5Au3.0Ti0.5 


no chanee 


Ae94.0Au3.0Ti3.0 


no chanee 


Ae99.8Au0.lCr0.1 


no chanee 


Ae98.4Au0.1Crl.5 


no chanee 


Ae96.9Au0.lCr3.0 


no chanee 


Ae98.4Aul.5Cr0.1 


no chanee 


Ae97.0Aul.5Crl.5 


no chanee 


Ae95.5Aul.5Cr3.0 


no chanee 


Ae96.9Au3.0Cr0.1 


no chanee 


Ae95.5Au3.0Crl.5 


no chanee 


Ae94.0Au3.0Cr3.0 


no chanee 


Ae99:8Au0.lTa0.1 


no chanee 


Ae98.4Au0.1Tal.5 


no chanee 


Ae96.9Au0.1Ta3.0 


no chanee 


Ae98.4Aul.5Ta0.1 


no chanee 


Ae97.0Aul.5Tal.5 


no chanee 


Ae95.5Aul.5Ta3.0 


no chanee 


Ae96.9Au3.0Ta0.1 


no chanee 


Ae95.5Au3.0Ta 1.5 


no chanee 


Ae94.0Au3.0Ta3.0 


no chanee 
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A crQQ ftAiiH 1 Mnfl 1 
AgaJ.O/iUu. XJYXUU. A 


no change 


AcrQQ 4AuO 1 Mnl ^ 


no change 


AcrQfi QAiift 1 Mn^ 0 
ngJu.iJAuu. Xivxuo.l/ 


no change 


AcrQft AAnl ^MnO 1 


no change 


AcrQ7 OAiil (;Ma1 ^ 
r\g*7 / .UnU X.OJYXO 1 .U 


no chance 


ActQp; f;Anl ^A/fo*3 n 


no chancre 


Ao-QA QAu3 HMnO 1 


no chance 


AcrO,^ ^AnQ fYMol ^ 


nn rhanere 


Aga^.UAUo.UlVXOO.U 


nn chancre 


AcrQQ RAnH iXTin 1 


no rhfln?e 


Arjo . 4AUU. I IN 1 X . O 


nrk rhnnpp 

X1U \*l I Oil K w 


AerOa QA„n i"W^Q n 


XJ. vs LllwlifiC 


a _no i a..i c XT 4 ft 1 
Ag9 o . 4AU 1 . OlN 1U . 1 


n o f*h O n cro 


A«07 HAnl cKJil K 
Ag9 /.UAUl.DJNll.O 


no phnniFP 


Ag95.5Aul.51Nlo.U 


•n *\ a n o n cro 


A _nc O A ... O axt' r\ i 

Ag9o.9Au3.01NiO. 1 


no cxiclxik^ 


Ap95.5Au3.01Mi 1.5 


a n o n crc* 

no cunuge 


A A f\ A « o ft XT* o r\ 

Ag94.0Au3.01Nlo.U 


no cnunge 


A _oo O A O t A 1ft 1 

Ag99.8AuO. 1A10. 1 


no CQaUgc 


A O J A n i AH tr 

Ag98 . 4AuO . 1A1 1 . 5 


no cnaxigt? 


Ag96.9Au0.1A13.0 


no change 


A f\d AA 1 P A 1/*V "t 

Ag98.4Aul.5A10.1 


no change 


Ag97.0Aul.5Al 1.5 


no cnange 


A C C A 1 itr AlO A 

Ag95.5AuLO>Al3.0 


no change 


A o sy r\ A o aaia i 

Ag96.9Au3.OAlO. I 


no cnange 


A - C* c A O A A 1 1 c 

Ag95 . 5Au 3 .OAl 1 . 5 


no cnange 


A ft A n A.- O AAIO ft 

Ag94.0Au3.0Alo.O 


no cnange 


A JtJ ftQ OA— ft 1 XTT*.ft 1 

A g9 9. 8 AuO. IN DO. 1 


no cixcixigc 


A ~ft Q i A ..A 1 XTL«. 1 C 

Ag9 J o.4AuO. 11N b 1 . 5 


vm Anon0O 

no chuxxkc 


A *mA£± ft A ... ft 1XTL%0 A 

Ag9b.9Auu.llN bo. U 


no cxxcixLt^*' 


AfrQft 4Au 1 fiNbO 1 


no change 


Au97.0Aul.5Nbl.5 


no change 


Ag95.5Aul.5Nb3.0 


no change 


A|?96.9Au3.0Nb0.1 


no change 


Ac95.5Au3.0Nb 1.5 


no change 


Ag94.0Au3.0Nb3.0 


no change 



AgRuX Table 3 Continued 



Material composition (wt%) 


Alkali solution 


Ag98.0Ru2.0 


many black stains 


Ag97.0Ru3.0 


moderate black stains 


Ag99.8Ru0.1Cu0.1 


no change 


Ag99.4Ru0.5Cu0.1 


no change 


Ag98.1Ru0.9Cul.O 


no change 


Ag98.9Rul.0Cu0.1 


no change 


Ag97.9Ru2.0Cu0.1 


no change 


Ag96.9Ru3.0Cu0.1 


no change 


Ag96.5Ru3.0Cu0.5 


no change 
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Ag94.0Ru3.0Cu3.0 


no change 


Ag99.8RuO.lTi0.1 


no change 


Ag99.4Ru0.5Ti0.1 


no change 


Ae98.lRuO.9Ti 1.0 


no change 


AR98.9Rul.0Ti0.1 


no change 


Ap97.9Ru2.0Ti0.1 


no change 


AR96.9Ru3.0Ti0.1 


no change 


Ae96.5Ru3.0Ti0.5 


no change 


As94.0Ru3.0Ti3.0 


no change 


Ac99.8Ru0.lCr0.1 


no change 


Ag98.4Ru0.lCrl.5 


no change 


Afi96.9Ru0.lCr3.0 


no change 


Ag98.4Rul.5Cr0.1 


no change 


AB97.0Rul.5Crl.5 


no change 


Ag95.5Rul.5Cr3.0 


no change 


AR96.9Ru3.0Cr0.1 


no change 


Ag95.5Ru3.OCr 1.5 


no change 


Ae94 ORu3.0Cr3.0 


no change 


Ae99.8Ru0.lTa0.1 


no change 


Ag98.4Ru0. ITa 1.5 


no change 


Ac96 9RuO ITa 3.0 


no change 


A?98 4Rul STaO.l 


no change 


Ae97 ORul.&Tbl.S 


no change 


Ae95 5Rul/5Ta3.0 


no change 


Ae96 9Ru3.0Ta0.1 


no change 


Aff95.5Ru3.0Ta 1.5 


no change 


Ag94.0Ru3.0Ta3.0 


no change 


Ag99.8RuO. IMoO. 1 


no change 


Ag9g.4Ru0.lMol. 5 


no change 


Agfif6.9Ru0.1Mo3.0 


no change 


Ag98.4Ru 1 . 5MoO. 1 


no change 


Ag97.0Rul.5Mol.5 


no change 


Ag95.5Ru 1 .5Mo3.0 


no change 


Ag96.9Ru3.0Mo0.1 


no change 


Ag95.5Ru3.0Mol.5 


no change 


Ag94.0Ru3.0Mo3.0 


no change 


Ag99.8Ru0.1Ni0.1 


no change 


Ag98.4Ru0.lNil.5 


no change 


Ag96.9Ru0.1Ni3.0 


no change 


Ag98.4Rul.5Ni0.1 


no change 


Ag97.0Rul.5Nil.5 


no change 


Ag95.5Rul.5Ni3.0 


no change 


Ag96.9Ru3.0Ni0.1 


no change 


Ag95.5Ru3.0Nil.5 


no change 


Ag94.0Ru3.0Ni3.0 


no change 


Ag99.8Ru0.1A10.1 


no change 


Ag98.4Ru0.lA11.5 


no change 


Ag96.9Ru0.1A13.0 


no change 


Ag98.4Rul.5A10.1 


no change 


Ag97.0Rul.5A11.5 


no change 


Ag95.5Rul.5A13.0 


no change 


Ag96.9Ru3.0A10.1 


no change 
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Ae95.5Ru3.0A11.5 


no change 


Ab94.0Ru3.0A13.0 


no change 


Ae99.8Ru0.lNb0.1 


no change 


Ae98.4Ru0.lNbl.5 


no change 


Ar96.9Ru0.1N1>3.0 


no change 


Ag98.4Ru 1.5NbO. 1 


no change 


Aff97.0Rul.5Nbl.5 


no change 


Asr95.5Rul.5Nb3.0 


no change 


Ae96.9Ru3.0Nb0.1 


no change 


Ae95.5Ru3.0Nb 1.5 


no change 


Ag94.0Ru3.0Nb3.0 


no change 



[0068] As shown in Table 3, the decrease in the ref lection 
index was not observed with the Ag-alloy layers of the 
present invention of any composition. Thus, the ternary 
5 Ag-alloy layers are more stable to alkali solution than 
conventional layers, and the quality of the inventive 
layers was superior to the conventional layers. 

[0069] Next, the reflection index at 500nm and 800nm was 
10 measured in both layers. The range from 500 to 800 nm (565 
nm) is the standard optical wavelength range for liquid 
crystal display devices. As shown in Table 4, the 
reflection iWdex of the ternary Ag-alloy layers of the 
present invention was improved by 0.5-3.0 % compared with 
15 Al, the Al alloy, Ag, the binary Ag-alloy layers. 



Table 4 



Material composition (wt%) 


500mm wavelength 


800mm wavelength 




reflection index (%) 


reflection index (%) 


Al 


87.2 


84.5 


A196.0MR4.0 


83.1 


82.3 


Al coated with acrylic resin 


79.4 


76.6 


Ar • 


98.2 


98.8 


Ap98.0Pd2.0 


91.3 


94.5 


As97.0Pd3.0 


86.9 


92.1 


Ap99.8Pd0.1Cu0.1 


98.0 


98.6 


Atr99.4Pd0.5Cu0.1 


98.0 


98.4 


Ae98.lPdO.9Cu 1.0 


97.8 


98.0 


Ae98.9Pdl.0Cu0.1 


94.4 


97.6 


Ae97.9Pd2.0Cu0.1 


91.4 


94.6 


Ag96.9Pd3.0Cu0.1 


87.5 


93.4 


Ae96.5Pd3.0Cu0.5 


87.3 


92.7 
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Ap94.0Pd3.0Cu3.0 


84.7 


91.1 


Afi99.8Pd0.1Ti0.1 


98.0 


98.6 


Ap99.4Pd0.5Ti0.1 


98.0 


98.4 


Ap98.lPd0.9Til.O 


97.6 


97.9 


Afr98.9Pdl.0Ti0.1 _ 


94.4 


97.6 


Ap97.9Pd2.0Ti0.1 


91.4 


94.6 


A E 9fi.9Pd3.0Ti0.1 


87.5 


93.4 


A^96.5Pd3.0Ti0.5 


87.0 


92.5 


Ap94.0Pd3.0Ti3.0 


87.0 


90.7 


Ag99 .8PdO. iCrO. 1 


94.6 


94.7 


A«rgfi_4Pd0.1Crl. 5 


91.7 


91.7 


Ac?96 9Pd0.lCr3.0 


89.3 


89.7 


A <r9R . 4Pd 1 . 5CrO . 1 


91.5 


91.7 


A<r97 OPdl 5Crl 5 


86.8 


86.8 


A?95 5Pdl.5Cr3.0 


84.2 


84.2 


A<r96 9Pd3.0Cr0.1 


85.6 


85.6 


A ff of: KPd3 OCrl 5 


83.5 


83.5 


A rrQA lYPdS OflrS 0 

APtfiivi U.w. wx o.vr 


82.7 


82.7 


A<r99 8Pd0.1Ta0.1 


94.6 


94.7 


A<rQfi APdO ITal 5 


91.7 


91.7 


AwQA QPHO 1Tfl3 0 


89.3 


89.7 


a rrQQ xpdl 5TaO 1 


91.5 


91.7 


Acr97 OPdl 5Tal.5 


86.8 


86.8 


AfyCR KPdl 5Ta3 0 / 


84.2 


84.2 


A/rOfi QPd3 OTkO 1 


85.6 


85.6 


AtrQS fiPd3 OTkl.5 


83.5 


83.5 


Ao-Qd 0Pd3 0Ta3.0 


82.7 


82.7 


AcrQQ fiPdO.lMoO.l 


94.6 


94.7 


AcrQfi APdO iMol 5 


91.7 


91.7 


AfrQfi 9Pd0.11Vxo3.0 


89,3 


89.7 


Acr98 4Pdl.5Mo0.1 


91.5 


91.7 


A«r97 0Pdl.5Mol.5 


86.8 


86.8 


A^95.5Pdl.5Mo3.0 


84.2 


84.2 


Af?96 9Pd3.0Mo0.1 


85.6 


85.6 


Acr9K 5Pd3.0Mol.5 


83.5 


83.5 


Ap94.0Pd3.0Mo3.0 


82.7 


82.7 


Ap98.4PdO. INiO. 1 


96.1 


96.1 


Atr9fi.4Pd0.lNil.5 


95.6 


95.6 


A^96.9Pd0.1Ni3.0 


94.3 


94.8 


A^98.4Pdl.5Ni0.1 


92.7 


93.7 


AR97.0Pdl.5Nil.5 


91.2 


92.1 


Ap95.5Pdl.5Ni3.0 


88.9 


90.7 


Afrge.gPda.QNio.i 


86.1 


88.9 


Afr95.5Pd3.0Nil.5 


84.6 


86.2 


Afi94.0Pd3.0Ni3.0 


82.7 


84.6 


ARfl9.8PdO.lA10.! 


98.1 


98.7 


Ap98.4PdO.lAl 1.5 


98.1 


Oft A 


AR96.9Pd0.1A13.0 


97.6 


98.1 


Afr98.4Pdl.5A10.! 


96.5 


97.6 


Apf97.0Pdl.5Al 1.5 


95.3 


96.8 


AR95.5Pdl.5A13.0 


93.5 


95.9 


A R 96.9Pd3.0A10.1 | 


91 


94.6 
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Ae95.5Pd3.0A11.5 


88.6 


93 


Ae94.0Pd3.0A13.0 


86.1 


91.7 


Ae99.8Pd0.1Nb0.1 


95 


95.3 


Ae98.4Pd0.lNbl.5 


94.4 


94.8 


Ae96.9Pd0.1Nb3.0 


93.8 


94.2 


Ae98.4Pdl.5Nb0.1 


92.4 


92.7 


Ae97.0Pdl.5Nbl.5 


90.8 


91.4 


Ae95.5Pdl.5Nb3.0 


89.5 


90.2 


Ae96.9Pd3.0Nb0.1 


86.7 


87.9 


Ap95.5Pd3.0Nbl. 5 


84.6 


85.9 


Ae94.0Pd3.0Nb3.0 


82.7 


84.7 


Ap99.8Pd0.1Au0.1 


96.7 


97.0 


A£98.4Pd0.1Aul.5 


96.4 


96.8 


Ae96.9Pd0.1Au3.0 


95.8 


96.1 


Ae98.4Pdl.5Au0.1 


92.3 


94.5 


Ae97.0Pdl.5Aul.5 


92.1 


94.3 


Ae95.5Pdl.5Au3.0 


92.4 


95.0 


Ae96.9Pd3.0Au0.1 


85.1 


85.3 


Ae95.5Pd3.0Aul.5 


83.2 


83.3 


Ae94.0Pd3.0Au3.0 


82.0 


82.8 


Ae99.8Ru0. LAuO. 1 


96.6 


97.1 


Ae98.4RuO.lAul. 5 


96.3 


96.7 


Ae96.9Ru0.1Au3.0 


95.8 


96.1 


Ae98.4Rul.5Au0.1 / 


92.4 


94.4 


Ae97.0Rul.5Aul.5 


92.1 


94.3 


Ae95.5Rul.5Au3.0 


92.4 


95.0 


Ae96.9Ru3.0Au0.1 


85.1 


85.3 


Ap95.5Ru3.0Aul.5 


83.2 


83.2 


Ap94.0Ru3.0Au3.0 


82.0 


82.8 


Ae99.8Pd0.1Ru0.1 


96.7 


97.1 


Ae98.4Pd0.1Ru 1.5 


96.4 


96.6 


Ae96.9Pd0.1Ru3.0 


95.8 


96.5 


Ae98.4Pdl.5Ru0.1 


92.3 


93.5 


Ae97.0Pdl.5Rul.5 


92.0 


94.3 


Ae95.5Pdl.5Ru3.0 


92.3 


95.0 


Ae96.9Pd3.0Ru0.1 


85.0 


85.3 


Ae95.5Pd3.0Ru 1.5 


83.3 


83.3 


Ae94.0Pd3.0Ru3.0 


82.1 


82.5 


A.gAuX Table 4 Continued 


Material composition (wt%) 


500mm wavelength 


800mm wavelength 




reflection index (%) 


reflection index (%) 


Ae98.0Au2.0 


87.3 


92.2 


Ae97.0Au3.0 


86.1 


91.3 


Ae99.8Au0.1Cu0.1 


98.2 


98.8 


Ae99.4Au0.5Cu0.1 


98.1 


98.5 


Ag98.1Au0.9Cul.0 


97.6 


98.0 


Ae98.9Aul.0Cu0.1 


96.5 


97.6 


Ae97.9Au2.0Cu0.1 


95.2 


96.9 


Ae96.9Au3.0Cu0.1 


93.7 


96.1 


Ae96.5Au3.0Cu0.5 


91.1 


94.7 
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Ap94.0Au3.0Cu3.0 


85.6 


91.8 


Ap99 .8AuO. ITiO. 1 


98.0 


98.5 


Ap99.4Au0.5Ti0.1 


97.8 


98.2 


Ag98_lAu0.9Til.O 


97.3 


97.9 


Ap98.9Aul.0Ti0.1 


96.6 


97.5 


Ap97.9Au2.0Ti0. 1 


95.5 


97.1 


Aff96.9Au3.0Ti0.1 


93.9 


96.3 


Ap96.5Au3.0Ti0. 5 


92.3 


95.2 


Ae94 OAu3.0Ti3.0 


86.4 


90.8 


Ap99.8Au0.1Cr0.1 


94.6 


94.7 


Ap98.4AuO.lCrl. 5 


93.4 


93.6 


AcrQfi 9AuO lCr3.0 


91.9 


92.4 


Ap98 4Aul.5Cr0.1 


90.2 


90.7 


A<tQ7 OAul 5Crl.5 


88.5 


89.3 


A<rO*» fiAul 5Cr3 0 


86.1 


86.6 


A «xQfi 9Au3 OCrO 1 


84.9 


85.2 


a rrOt; 5Au3 OCrl 5 


83.4 


83.8 


a crQ4 OAu3 0Cr3 0 


82.6 


82.6 


A crQQ ftAllO lTfiO 1 


95.1 


95.3 


A ivOfi AAnO ITfll 5 

f-\ fc» r> o .*x-T*. ia . x laXit/ 


94.6 


95.0 


A rrQG QAllO iTfl.S 0 
v AUV/i X X Aw.V/ 


93.4 


94.1 


A erQft AAu 1 fiTnO 1 


91.8 


92.5 


A/tQ7 nAn1 tiTji 1 ft 


90.4 


91.2 


A^QC CAn 1 KTflS 0 

AEtfO.OAU X-»J x cio.u 


88.7 


89.9 




85.9 


87.6 


A<rQ*\ &Au3 OTal 5 


84.5 


85.9 


A <rQ4 0Au3 OTa.3 0 


82.8 


84.2 


a crQQ 8Au0.lMo0.1 


94.8 


95.1 


A^ofi 4Au0.1Mol.5 


94.2 


94.7 


a t^qfi QAuO llCfo3.0 


93.5 


94.0 


AcrQA 4Aul.5Mo0.1 


92.3 


92.9 


a cyQ7 OAul 5Mol 5 


90.6 


91.5 


a crOf; SAul 5Mo3 0 


89.7 


90.3 


AcrQfi 9Au3 OMoO.l 


86.8 


88.6 


Ap95 5Au3.0Mol.5 


84.6 


86.4 


AtrQA 0Au3.0Mo3.0 


82.7 


84.5 


Ag99 8Au0.lNi0.1 


95.7 


95.9 


Ag98.4AuO.lNil. 5 


95.2 


95.4 


Ag96.9Au0. lNi3.0 


93.9 


94.6 


Ap98.4Au 1 .5NiO. 1 


92.3 


93.5 


Ar97 0Aul.5Nil.5 


90.8 


91.9 


Ap95 5Aul.5Ni3.0 


88.7 


90.6 


Ag96.9Au3.0Ni0. 1 


85.9 


88.8 


Ag95.5Au3.0Nil.5 


84.4 


86.1 


Ap94.0Au3.0Ni3.0 


82.6 


84.5 


Ap99.8Au0.lA10.1 


98.0 


98.6 


Af*98.4Au0.1A11.5 


97.9 


98.3 


Ap96.9Au0.1A13.0 


97.5 


98.0 


Ag98.4Aul.5A10.1 


96.4 


97.5 


Afi97.0Aul.5A11.5 


95.2 


96.7 


Ag9S.5Aul.5A13.0 


93.4 


95.8 


Ag96.9Au3.0A10.1 


90.8 


94.4 
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Ae95.5Au3.0A11.5 


O O A 

88.4 




Ap94.0Au3.0A13.0 


or n 

85.9 


Q1 ^ 


Ap99.8Au0.1Nb0.1 


94.8 


Qt\ 1 


Ae98.4AuO.lNbl. 5 


94. o 




Ap96.9Au0.lNb3.0 


93.5 


QA 1 


Ag98.4Aul.5Nb0.1 


92.1 




Ap97.OAul.5Nbl. 5 


90.5 


91.3 


Ap95.5Aul.5Nb3.0 


89.2 


90.1 


Aff96.9Au3.0Nb0.1 


86.4 


87.8 


Ag95.5Au3.0Nbl.5 


84.3 


85.7 


Air94.0Au3.0Nb3.0 


82.4 


84.5 


AeRuX Table 4 Continued 


Material composition (wtvo) 


ouumni wovcicugm 


800mm 
wavelength 




*-ofl<»r»tirm index ( Q Ai\ 


reflection index 
(%) 


Affilo.UitUZ.U 


86.3 


91.2 




86.0 


91.3 




98.1 


98.8 




98.0 


98.6 




97.6 


98.1 


A rrQfi QRll 1 OPllO 1 / 


96.5 


97.5 


A<rQ7 <*Ru2 OCuO 1 


95.2 


96.8 


Ae96.9Ru3.0Cu0. 1 


93.7 


96.0 


Ap96.5Ru3.0Cu0.5 


91.1 


94.7 


Ap94.0Ru3.0Cu3.0 


85.6 


91.7 


Ap99.8Ru0. ITiO. 1 


98.0 


98.4 


Ap99.4Ru0.5*Ti0.1 


97.7 


98.2 


Ap98.lRu0.9Til.O 


97.2 


97.9 


Ag98.9Rul.0Ti0.1 


96.5 


97.5 


Ap97.9Ru2.0Ti0.1 


95.4 


Aff -I 

9 l.i 


Ap96.9Ru3.0 , Ti0.1 


93.8 


96.3 


Ae96.5Ru3.0Ti0.5 


92.1 


95.2 


A^94.0Ru3.0Ti3.0 


86.4 


90.8 


Ag99.8Ru0.1Cr0.1 


94.6 


94.7 


Ap98.4RuO.lCr 1.5 


93.4 


92.6 


Ae96.9Ru0.lCr3.0 


91.9 


92.4 


Ap98.4Rul.5Cr0.1 


90.5 


91.7 


Ap97.0Rul.5Crl.5 


88.2 


88.3 


Ag95.5Rul.5Cr3.0 


86.1 


86.6 


Ae96.9Ru3.0Cr0.1 


84.8 


84.2 


Ag95.5Ru3.0Crl.5 


83.3 


83.8 


Ap94.0Ru3.0Cr3.0 


82.4 


82.6 


Ae99.8Ru0.1Ta0.1 


95.0 


95.3 


Ap98.4Ru0.lTal.5 


94.6 


95,0 


Ap96.9Ru0.1Ta3.0 


93.4 


94.1 


Ae98.4Rul.5Ta0.1 


91.8 


92.5 


Ap97.0Rul.5Tal.5 


90.4 


91.2 


Ae95.5Rul.5Ta3.0 


88.7 


89.9 


Ae96.9Ru3.0Ta0.1 


85.9 


87.6 
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Ap95.5Ru3.0Tal. 5 




85.9 


Ap94.0Ru3.0Ta3.0 




84.2 


Ap99.8Ru0.1Mo0.1 


QA 7 


95.1 


Ar98.4RuO.1Mo1. 5 


QA 1 


94.7 


Ap96.9Ru0.1Mo3.0 


93. o 




Ap98.4Rul.5Mo0.1 




92 9 


Ap97.0Rul.5Mol. 5 


on ^ 
yu.o 


91.5 


Ap95.5Rul.5Mo3.0 


on o 

oy.y 


91 3 


Ap96.9Ru3.0Mo0.1 


oe o 
oo.o 


oo.o 


Ap95.5Ru3.0Mol. 5 


o4.o 


86 3 


Ap94.0Ru3.0Mo3.0 


82. o 


Ad fi 

0*x.tj 


Ap99.8Ru0.lNi0.1 


96.7 


Q7 2 


Ag98.4Ru0.1Nil.5 


96.5 




Ap96.9Ru0.lNi3.0 


96.1 


Qft ^ 


Ap98.4Rul.5Ni0.1 


95.3 




Ap97.0Rul.5Nil.5 


93.7 


QA 7 


Ap95.5Rul.5Ni3.0 


91.2 




Ap96.9Ru3,0Ni0.1 


88.4 


Ql 7 

y i. / 


Ap95.5Ru3.0Nil.5 


85.0 


Q.7 9 


Ap94.0Ru3.0Ni3.0 


83.5 


OO.D 


Ap99.8Ru0.1A10.1 


98.0 


no a 

y<5.4 


Ap98.4Ru0.1A11.5 


97.9 


oo o 

yo.z 


Ap96.9Ru0.lA13.0 


97.5 


no i 

yo.i 


Ap98.4Rul.5A10.1 / 


96.4 


Q7 R 

y / .o 


Ap97.0Rul.5A11.5 


95.2 


yo.o 


Ap95.5Rul.5A13.0 


93.4 


. yo.o 


Ap96.9Ru3.0A10.1 


90.8 


QA A 


Ap95.5Ru3.0A11.5 


88.4 


Q9 7 


Ap94.0Ru3.0A13.0 


85.4 


Ql 1 


Ap99.8Ru0.lKb0.1 


94.7 




Ap98.4Ru0.1Nbl.5 


94.3 


OA 7 


Ap96.9Ru0.1Nb3.0 


93.4 


OA 1 

y4. i 


A-AQ A"Rn1 *>NVlO 1 


92.1 


92.5 


Ap97.0Rul.5Nbl.5 


90.2 


91.3 


Ap95.5Rul.5Nb3.0 


88.1 


90.0 


Ap96.9Ru3.0Nb0.1 


85.2 


87.8 


Ap95.5Ru3.0Nbl.5 


84.1 


85.7 


Ap94.0Ru3.0Nb3.0 


82.4 


84.5 



[0070] Thus, it was revealed that the Ag-alloy layers of th« 
present invention were very useful as reflectors or 
reflective wiring electrodes for reflection-type liquid 
5 crystal display devices. 

Example 3 

[0071] In this Example, the utility of the ternary Ag-alloy 
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layer as infrared-ray or heat-ray reflecting layers for 
building glass was studied. Further, the adaptability of 
the ternary layer to a resin substrate under high 
temperature and high humidity conditions was studied. 



[0072] The tests on weather resistance under high 
temperature and high humidity conditions were carried out 
with regard to the ternary Ag-alloy layers, compared with 

10 binary Ag-alloy layers including Ag-Pd alloy layers, Ag-Au 
alloy layers and Ag-Ru alloy layers. The ternary Ag-alloy 
layers were deposited on all kinds of substrates 
(substrates made of non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass) by ternary 

15 simultaneous sputtering. The change of the Ag-alloy 

layers was examined over time in an atmosphere of 90 X: and 
90 % humidity. 
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[0073] The tests for weather resistance were carried out 
with regard yb monolayers of the ternary reflecting layers 
and laminates of the base film and the ternary reflecting 
layer. For the monolayers, the ternary reflecting layer 
was directly deposited on the substrate. For the laminates, 
the base film such ITO, Zn0 2 , Zn0 2 -Al 2 0 3 composite oxide and 
25 SiO z was deposited on the substrate and then the Ag-alloy 
reflecting layer was deposited on the base film. The 
difference between the monolayers and the laminates was 
also evaluated. 
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[0074] The results showed that both the monolayers of the 
ternary reflecting layer and the laminates of the base 
film and the Ag-alloy reflecting layer have higher weather 
resistance than the monolayers of the binary reflecting 
layers. The ternary reflecting layers maintained heat 
resistance, reflection index, and weather resistance, 
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10 



15 



20 



25 



independent of the base film. It was confirmed that 
the ternary reflecting layers of the present invention 
were more useful than the conventional binary 
reflecting layer as infrared-ray or heat-ray reflecting 
layers for building glass such as windowpanes (data not 
shown) • 

[0075] Widely used conventional reflecting layers made of 
Al, an Al alloy, Ag, an Ag-Pd alloy react with a resin 
substrate at the adhesive interface when kept under 
high temperature and high humidity conditions. The 
following tests were conducted on the chemical 
stability of the reflecting layers of the present 
invention against the resin substrates under high 
temperature and high humidity conditions. 

[0076] to confirm the chemical stability of the ternary 
reflecting layers of the present invention, the 
reflecting layers were deposited at a thickness of 15nm 
on the resin layer of PMMA, PET, PC, silicone, and the 
like by ternary simultaneous sputtering. The layers 
were kept under high temperature and high humidity 
conditions for 24 hours. The change in appearance and 
reflection characteristics over time was examined. 



Table 5 



Material 
composition (wt%) 


Results of high temperature and high humidity tests 


Change in chemical 
characteristics (decrease in 
reflection index) 


Visual change to a dull white 
color, detachment from the 
substrate 


Ag98.0Pd2.0 


many black stains 


detachment occured 


Ag97.0Pd3.0 


moderate black stains 


detachment occured 


Ag99.8Pd0.1Cu0.1 


no change 


less color change 


Ag99.4Pd0.5Cu0.1 


no change 


no change 
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Ag98.1Pd0.9Cu 1.0 


no change 


nn change 


Ag98.9Pdl.0CuU. 1 


no change 


no chanffe 


Ag97.9Pd2.0CuU. 1 


no change 


no change 


Ag96.9Pd3.0Cu0.1 


no change 


ills viiaii o 


Ag96.5Pd3.0CuU.:> 


no change 


nn chantye 

11U vlldllgv 


Ag94.0Pd3.0Cu3 .0 


no change 


IIKJ IrllallgO 


Ag99.4Pd0.1Ti0.1 


no cnange 


nn change 


Ag99.4Pd0.5Ti0.1 


no change 


no n q n op 
III? V/lKLllgC 


Ag98.1Pd0.9Ti 1.0 


no change 


no Pn fltl OP 

I1U I'll all go 


Ag98.9Pdl.0Ti0.1 


no change 


no oh u n op 
11VJ i/iiaiigv 


Ag97.9Pd2.0Ti0.1 


no change 


no cndiige 


Ag96.9Pd3.0Ti0.1 


no change 


no cnange 


Ag96.5Pd3.0Ti0. 5 


no change 


no cnange 


Ag94.0Pd3.0Ti3.0 


no change 


is on on 00 

no cndiige 


Ag99.8Pd0.1Au0.1 


no change 


no cnange 


Ag98.4PdO.lAul. 5 


no change 


no cnange 


Ag96.9Pd0.1Au3.0 


no change 


no cnange 


Ag98.4Pdl.5Au0.1 


no change 


11 tJ Cllallge 


Ag97.0Pdl.5Aul. 5 


no change 


no cnange 


Ag95.5Pdl.5Au3.0 


no change 


no undiige 


Ag96.9Pd3.0Au0.1 


no change 


no r» h 51 n op 
11 KJ dldll^C 


Ag95.5Pd3.0Aul. 5 


no change 


no pniinop 
IHJ CllclllgO 


Ag94.0Pd3 .0Au3 .0 


no change 


no r»li an op 

11U WllAllgw 


Ag99.8Pd0.1Cr0.1 


no change 


no fhiinop 

11 V WrllClllg^ 


Ag98.4PdO.lCrl. 5 


no change 


nn rliflnop 
11 v V/iiaiig^ 


Ag96.9PdO. 1 CrJ .U 


no change 


nn fhiino^e 


Ag98.4Pdl.5Cr0. 1 


no change 


nn f*ViiinD'p 

11 \J Wllclll^^ 


Ag97.0rdl .!>Uri .D 


no cnange 


no chantze 


a — nc etui c ..'l A 

Ag95.5Fdl .r>Cr.5.u 


no cnange 


nn change 


a _n^ nnji a^'va 1 
Ag96.9Pdi .ucru. i 


no cnange 


no chantze 

MM. V/ VUwAlgV 


a ~o c CD/11 Af~ , »- 1 < 

Ag95.5rdJ.UCrl .D 


no cnange 


no change 


At?Q4 0Pd3 0Cr3.0 


no change 


no change 


Ag99.8Pd0.1Ta0.1 


no change 


no change 


Ag98.4PdO.lTal. 5 


no change 


no change 


Ag96.9Pd0.1Ta3.0 


no change 


no change 
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Ag98.4Pdl.5Ta0.1 


no change 


no change 


Ag97.0Pdl.5Tal.5 


no change 


no change 


Ag95.5Pdl.5Ta3.0 


no change 


no change 


Ag96.9Pd3.0Ta0.1 


no change 


no change 


Ag95.5Pd3.0Tal.5 


no change 


no change 


Ag94.0Pd3.0Ta3.0 


no change 


no change 


Ag99.8Pd0.1Mo0.1 


no change 


no change 


Ag98.4PdO.lMol. 5 


no change 


no change 


Ag96.9Pd0.1Mo3.0 


no change 


no change 


Ag98.4Pdl.5Mo0.1 


no change 


no change 


Ag97.0Pdl.5Mol. 5 


no change 


no change 


Ag95.5Pdl.5Mo3.0 


no change 


no change 


Ag96.9Pd3.0Mo0.1 


no change 


no change 


Ag95.5Pd3.0Mol. 5 


no change 


no change 


Ag94.0Pd3.0Mo3.0 


no change 


no change 


Ag98.4Pd0.1Ni0.1 


no change 


no change 


Ag98.4Pd0.lNi 1.5 


no change 


no change 


Ag96.9Pd0.1Ni3.0 


no change 


no change 


Ag98.4Pdl.5Ni0.1 


no change 


no change 


Ag97.0Pdl.5Nil. 5 


no change 


no change 


Ag95.5Pdl.5Ni3.0 


no change 


no change 


Ag96.9Pd3.0Ni0.1 


no change 


no change 


Ag95.5Pd3.0Nil.5 


no change 


no change 


Ag94.0Pd3.0Ni3.0 


no change 


no change 


Ag99.8Pd0.1A10.1 


no change 


no change 


Ag98.4PdO.lAll. 5 


no change 


no change 


Ag96.9Pd0.1A13.0 


no change 


no change 


Ag98.4Pdl.5A10.1 


no change 


no change 


Ag97.0Pdl.5Al 1.5 


no change 


no change 


Ag95.5Pdl.5A13.0 


no change 


no change 


Ag96.9Pd3.0A10.1 


no change 


no change 


Ag95.5Pd3.0All. 5 


no change 


no cnange 


Ag94.0Pd3.0AI3.0 


no change 


no change 


Ag99.8Pd0.1Nb0.1 


no change 


no change 


Ag98.4Pd0.1Nbl.5 


no change 


no change 



40 




Ag96.9Pd0.1Nb3.0 


no change 


no change 


Ag98.4Pdl.5NbO J 


no change 


no change 


Ag97.0Pdl.5Nbl. 5 


no change 


no change 


Ag95.5Pdl.5Nb3.0 


no change 


no change 


Ag96.9Pd3.0Nb0.1 


no change 


no change 


Ag95.5Pd3.0Nbl. 5 


no change 


no change 


Ag94.0Pd3.0Nb3.0 


no change 


no change 


Ag99.8Ru0.1Au0.1 


no change 


no change 


Ag98.4Ru0.lAul. 5 


no change 


no change 


Ag96.9Ru0.1Au3.0 


no change 


no change 


Ag98.4Rul.5Au0.1 


no change 


no change 


Ag97.0Rul.5Aul. 5 


no change 


no change 


Ag95.5Rul.5Au3.0 


no change 


no change 


Ag96.9Ru3.0Au0.1 


no change 


no change 


Ag95.5Ru3.0Aul. 5 


no change 


no change 


Ag94.0Ru3.0Au3.0 


no change 


no change 


Ag99.8Pd0.1Ru0.1 


no change 


no change 


Ag98.4PdO.lRul. 5 


no change 


no change 


Ag96.9Pd0.1Ru3.0 


no change 


no change 


Ag98.4Pdl.5Ru0.1 


no change 


no change 


Ag97.0Pdl.5Rul. 5 


no change 


no change 


Ag95.5Pdl.5Ru3.0 


no change 


no change 


Ag96.9Pd3.0Ru0.1 


no change 


no change 


Ag95.5Pd3.0Rul.5 


no change 


no change 


Ag94.0Pd3.0Ru3.0 


no change 


no change 


AgAuX 


Table 5 Continued 




Material 


Results of high temperature and high humidity tests 


composition (wt%) 


Change in chemical 


Visual change to a dull 




characteristics (decrease in 


white color, detachment 




reflection index) 


from the substrate 


Ag98.0Au2.0 


many black stains 


detachment occured 


Ag97.0Au3.0 


moderate black stains 


detachment occured 
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Aa99 SAuO.lCuO.l 


no change 


no change 


Aff99 4AuO SCuO.l 


no change 


no change 


Ae98 lAuO 9Cul.O 


no change 


no change 


AgQX 9Aul OCuO 1 


no change 


no change 


AaQ7 QAn2 OCuO 1 


no chanse 


no change 


AaOfi OAul OCuO 1 


no chan&e 


no change 


AaQ£ SAul OCuO 5 


no chanee 


no change 


AcrQA ft A nl OCul 0 


no change 


no change 


ArrQO ft Allfl ITlfl 1 


no change 

XXV/ VllUllgv 


no change 


ArrQQ 4AllO STlO 1 
/\g"~ .H/A-Uvl . A IV/. 1 


no change 

XXV/ WUUllgv 


no change 


Ag"0. 1 nUU.7 111." 


nn 0 Vi ii n Of* 

11 vJ ^llullgV/ 


no change 


A rrQft OAlll OTiO 1 

Agy 0 .y/\u 1 .v x 117. 1 


no phanof* 

I1V7 IsllcLxlgw 


no change 




no phsiniTf* 


no change 


A rrOA O An'? OTiO 1 


11 vJ vvllCUxgC/ 


no change 


A rrQ£ ^Anl OTiO S 
AgyO.JAUj .U 1 117. J 


no phan ctp 


no change 


a„o4 ftAn^ nTii n 


no pfiJinop 

11 VS Vvllallgvv 


no change 


Ag"" .oAUU. 1 c rut 1 


no p linn 0*6 


no change 




no rhsinp'e 

iivs viiaiigv 


no change 


AcrOA OAuO IPr^ 0 


no change 

XXV/ viiuugv 


no change 


A rrOR AA11I SPrO 1 

/\gy 0 .*f/\u 1 . -7 v^i v . 1 


no chancre 


no change 


Act07 OAnI SCrl 5 


no chancre 

xxv/ vtimiftv 


no change 


ActO^ SA11I Sf>l 0 


no chancre 

xx\/ vimiifiv 


no change 


AffOfi QAul OCrO 1 


no change 


no change 


A a o< SAul OCrl 5 


no change 


no change 


AaQ4 OA11I 0Cr3 0 


no change 


no change 


Aa99 KAuO ITaO.l 


no change 


no change 


AgQK 4AuO ITal 5 

f\ g/ O * ~xil IX V • X x ** x » «/ 


no change 


no change 


Ae96 9AuO !Ta3.0 


no change 


no change 


Ae98 6Au l STaO. l 


no change 


no change 


Ag97.0Aul.5Tal. 5 


no change 


no change 


Ag95.5Aul.5Ta3.0 


no change 


no change 


Ag96.9Au3.0Ta0.1 


no change 


no change 


Ag95.5Au3.0Tal. 5 


no change 


no change 


Ag94.0Au3.0Ta3.0 


no change 


no change 
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Ag99.8Au0.1Mo0.1 


no change 


no change 


Ag98.4AuO.lMol. 5 


no change 


no change 


Ag96.9Au0.1Mo3.0 


no change 


no change 


Ag98.4Aul.5Mo0.1 


no change 


no change 


Ag97.0Aul.5Mol. 5 


no change 


no change 


Ag95.5Aul.5Mo3.0 


no change 


no change 


Ag96.9Au3.0Mo0.1 


no change 


no change 


Ag95.5Au3.0Mol. 5 


no change 


no change 


Ag94.0Au3.0Mo3.0 


no change 


no change 


Ae99.8AuO,lNi0.1 


no change 


no change 


Ag98.4Au0.lNil. 5 


no change 


no change 


Ag96.9Au0.1Ni3.0 


no change 


no change 


Ag98.4Aul.5Ni0.1 


no change 


no change 


Ag97.0Aul.5Nil. 5 


no change 


no change 


Ag95.5Aul.5Ni3.0 


no change 


no change 


Ag96.9Au3.0Ni0.1 


no change 


no change 


Ag95.5Au3.0Nil. 5 


no change 


no change 


Ag94.0Au3.0Ni3.0 


no change 


no change 


Ae99,8Au0.1A10.1 


no change 


no change 


Ag98.4Au0.1A11.5 


no change 


no change 


Ag96.9Au0.1A13.0 


no change 


no change 


Ag98.4Aul.5A10.1 


no change 


no change 


Ag97.0Aul.5All. 5 


no change 


no change 


Ag95.5Aul.5A13.0 


no change 


no change 


Ag96.9Au3.0A10.1 


no change 


no change 


Ag95.5Au3.0All. 5 


no change 


no change 


Ag94.0Au3.0A13.0 


no change 


no change 


AE99.8Au0.1Nb0.1 


no change 


no change 


Ag98.4AuO.lNbl. 5 


no change 


no change 


Ag96.9Au0.1Nb3.0 


no change 


no change 


Ag98.4Aul.5Nb0.1 


no change 


no change 


Ag97.0Aul.5Nbl. 5 


no change 


no change 


Ag95.5Aul.5Nb3.0 


no change 


no change 


Ag96.9Au3.0Nb0.1 


no change 


no change 


Ag95.5Au3.0Nbl. 5 


no change 


no change 


Ag94.0Au3.0Nb3.0 


no change 


no change 



Table 5 Continued 



Material 
composition (wt%) 


Results of high temperature and high humidity tests 


Change in chemical 
characteristics (decrease in 
reflection index) 


visual wndiigc iu <x uun 
wj \\\tf* prtlrir HptJif* Vim pnt 

W111LC UUllfl) UvLaVllliivlll 

"from thp ^lih^trJite 


A »OQ ftPnO ft 

AgVo-UKUZ-U 


many black stains 


A pfo rhmprit of*r*iirpH 


Agy/.UlvUj.u 


moderate black stains 


r\ ptiiprimpnt nrrnr^H 
UC idviiiii eiii u^vuicu 


Agyy.oKuu.ii^uu.i 


no change 


UKj 1/llaUgG 


A ~C\ n ytOvift ^fSift 1 

Agyy.4Kuu. D^uU. 1 


no change 


ti 0 cYi dry cr f* 
il\J dlallgw 


a .no I'D *ift O^n 1 ft 
Ag9o. lKUU.yt^ul.U 


no change 


no cnange 


Ag98.9Ku 1 .UCuu. l 


no change 


no cnange 


A 0*7 rtDnO ftfSift 1 

Ag97.9Ku2.UUUU. 1 


no change 


no change 


Ag9o.9Ru3.UUuu. 1 


no change 


no cnange 


Ag96.5Ru3.UCuu.:> 


no change 


no cnange 


A f\ A ATI 1 flf^nO ft 

Ag94.0Ru3.UCuJ.U 


no change 


no cnange 


Ag99.8Ru0.1 HU.l 


no change 


no cnange 


Ag99.4RuU.-> 1 iu. l 


no change 


no cnange 


a r\ O 1 DnH OTJ 1 ft 

Ag9o. lRuu.y i u .u 


no change 


no f n un (Tp 
I1V V^lldll^v/ 


a -no OPu1 ftTift 1 

Agyo.yivu i.ui iu. i 


no change 


11U Ullclllgv 


A ~C\H CDnO ftTift 1 

Agy / .yKu^.u i iu. i 


no change 


no f*hancrp 


A nOiC QPul ftTift 1 
AgyO.yivUJ .U 1 1U. I 


no change 


no crisincyp 
11\J Wllallgw 


a _q£ ^PnQ ftTift S 

Agyo.Divuj .y) i iu . j 


no change 


nn change 


A »OA ftPiiTftTi'} 0 

AgyH-.ui\.uj .u i ij .v 


no change 


no change 


Ag77.oKUU.iv^rv.i 


no change 


no chancre 


a „qo zlP lift iPrl 5 

Agy o.'rJtvUU. 1^1 1 .J 


no cnange 


no change 


A rrO A OP lift 103 0 


no cnange 


no chanee 

A. A V/ V1AU11 


ArrOft J.P11I SCYO 1 


no cnange 


no change 


a«tQ7 ftRnl 5Crl 5 


no change 


no change 


Ag95.5Rul.5Cr3.0 


no change 


no change 


Ag96.9Ru3.0Cr0.1 


no change 


no change 


Ag95.5Ru3.0Crl. 5 


no change 


no change 


Ag94.0Ru3.0Cr3.0 


no change 


no change 


Ag99.8Ru0.1Ta0.1 


no change 


no change 


Ag98.4RuO.lTal. 5 


no change 


no change 
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Ag96.9Ru0.1Ta3.0 


no change 


no change 


Ag98.4Rul.5Ta0.1 


no change 


no change 


Ag97.0Rul.5Tal. 5 


no change 


no change 


Ag95.5Rul.5Ta3.0 


no change 


no change 


Ag96.9Ru3.0Ta0.1 


no change 


no change 


Ag95.5Ru3.0Tal. 5 


no change 


no change 


Ag94.0Ru3.0Ta3.0 


no change 


no change 


Ag99.8Ru0.1Mo0.1 


no change 


no change 


Ag98.4Ru0.1Mol.5 


no change 


no change 


Ag96.9Ru0.1Mo3.0 


no change 


no change 


Ag98.4Rul.5Mo0.1 


no change 


no change 


Ag97.0Rul.5Mol. 5 


no change 


no change 


Ag95.5Rul.5Mo3.0 


no change 


no change 


Ag96.9Ru3.0Mo0.1 


no change 


no change 


Ag95.5Ru3.0Mol. 5 


no change 


no change 


Ag94.0Ru3.0Mo3.0 


no change 


no change 


Ag99,8Ru0.1Ni0.1 


no change 


no change 


Ag98.4Ru0.lNi 1.5 


no change 


no change 


Ag96.9Ru0.1Ni3.0 


no change 


no change 


Ag98.4Rul.5Ni0.1 


no change 


no change 


Ag97.0Rul.5Nil. 5 


no change 


no change 


Ag95.5Rul.5Ni3.0 


no change 


no change 


Ag96.9Ru3.0Ni0.1 


no change 


no change 


Ag95.5Ru3.0Nil. 5 


no change 


no change 


Ag94.0Ru3.0Ni3.0 


no change 


no change 


Ag99.8Ru0.1A10.1 


no change 


no change 


Ag98.4RuO.lAll. 5 


no change 


no change 


Ag96.9Ru0.1A13.0 


no change 


no change 


Ag98.4Rul.5A10.1 


no change 


no change 


Ag97.0Rul.5A11.5 


no change 


no change 


Ag95.5Rul.5A13.0 


no change 


no change 


Ag96.9Ru3.0A10.1 


no change 


no change 


Ag95.5Ru3.0All. 5 


no change 


no change 


Ag94.0Ru3.0A13.0 


no change 


no change 
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Ae99.8Ru0.1Nb0.1 


no change 


no change 


Ag98.4RuO.lNbl. 5 


no change 


no change 


Ag96.9Ru0.1Nb3.0 


no change 


no change 


Ag98.4Rul.5Nb0.1 


no change 


no change 


Ag97.0Rul.5Nbl.5 


no change 


no change 


Ag95.5Rul.5Nb3.0 


no change 


no change 


Ag96.9Ru3.0Nb0.1 


no change 


no change 


Ag95.5Ru3.0Nbl.5 


no change 


no change 


Ap94.0Ru3.0Nb3.0 


no change 


no change 



[0077] As shown in Table 5, no. change was observed with the 
ternary Ag-alloy reflecting layers after 24 hours. When the 
reflection index of the ternary reflecting layer on the 
5 various resin substrates was measured by a 

spectrophotometer, no decrease in reflection index was 
observed at the optical wavelength of 565 nm, which is 
useful for reflection-type liquid crystal display devices, 
and in the optical wavelength regions from 400nm to 4pm, 
10 which is required for building glass (data not shown) - 

[0078] The ternary reflecting layers of the present invention 
proved to have high chemical stability against resin and to 
be not limited to a particular substrate material unlike 
15 conventional layers. 

Example 4 

[0079] Adhesion between the ternary reflecting layers of the 
20 present invention and various substrates and the effect of 

the base film, which was placed between the reflecting layer 
and the substrate, on the adhesion were examined. 

[0080] Firstly, the reflecting layers were deposited 
25 directly on the substrates of PMMA, PET, PC, silicone, 
acrylic resin, non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass by RF sputtering to 



46 



10 



20 



25 




form a laminate. A JIS (Japanese Industrial Standard) 
cellophane tape was attached to the reflecting layer. The 
detachment of the reflecting layer from the substrate when 
the tape was stripped of at given tension was observed. In 
addion, the laminate was diced with a cutter and dipped in 
pure water in a beaker. Ultrasonic waves were applied to 
the pure water. The frequency of the ultrasonic waves was 
50KHz and the electric power was 100W. After the 
application of the ultrasonic waves, detachment of the 
reflecting layer was observed under a x40 microscope and 
the necessity of the base film was examined. 



[0081] No detachment was observed with PMMA, PET, PC, 
silicone, and acrylic resin. The reflecting layer of the 
15 present invention was much more adhesive to the resin 
substrates compared with conventional layers of Al, Al 
alloy, Ag, or Ag alloy. 



[0082] On the other hand, partially or extensive detachment 
was observed .With non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass. The reflecting layer 
of the present invention had poor adhesion to the glass 
substrates although the degree of detachment is different 
in cases (data not shown) . 



[0083] secondarily, to improve adhesion of the reflecting 
layer to the glass substrate or to attain high reflecting 
performance without impairing the reflection index of the 
reflecting layer, the base film of Si, Ta, Ti, Mo, Cr, Al, 

30 ITO, Zn0 2 , Si0 2 , Ti0 2 . Ta 2 0 5 , Zr0 2 , ln 2 0 3 , Sn0 2 , Nb 2 0 5 , or MgO 
was applied to the substrates of PMMA, PET, PC, silicone, 
acrylic resin, non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass by RF sputtering. 
Then the ternary reflecting layer of the present invention 

35 was deposited on the base film by RF sputtering to form a 
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laminate. A strip of JIS cellophane tape was attached to 
the uppermost layer. The detachment of the reflecting 
layer from the substrate when the tape was stripped of at 
given tension was observed as described above. In addition, 
the laminate was diced with a cutter and dipped in pure 
water in a beaker. Ultrasonic waves were applied to the 
pure water. The frequency of the ultrasonic waves was 
50KHz and the electric power was 100W. After the 
application of the ultrasonic waves, detachment of the 
reflecting layer was observed under a x4 0 microscope and 
the effect of the base film was examined. 



15 



20 



[0084] As shown in Table 6, when the base film was used, no 
detachment was observed whether the reflecting layer was 
pure Ag or an Ag alloy. The reflection index of the 
reflecting layer used in the tests was measured by a 
spectrophotometer.' Table 7 showed that not only the 
adhesion but also the reflection index were improved when 
a specific base film (Ti0 2 -Nb 2 0s) was used. 



Table 6 


Material 
of base film 


Detachment tests 




5min 


lOmin 


15min 


20min 


In20« 


no detachment 


no detachment 


no detachment 


no detachment 


SnO* 


no detachment 


no detachment 


no detachment 


no detachment 


Nb ? 0* 


no detachment 


no detachment 


no detachment 


no detachment 


MeO 


no detachment 


no detachment 


no detachment 


no detachment 


ITO 


no detachment 


no detachment 


no detachment 


no detachment 


ZnO ? 


no detachment 


no detachment 


no detachment 


no detachment 


SiOo 


no detachment 


no detachment 


no detachment 


no detachment 


TiO, 


no detachment 


no detachment 


no detachment 


no detachment 


TaoO* 


no detachment 


no detachment 


no detachment 


no detachment 


ZrOo 


no detachment 


no detachment 


no detachment 


no detachment 


Si 


no detachment 


no detachment 


no detachment 


no detachment 


Ta 


no detachment 


no detachment 


no detachment 


no detachment 


Ti 


no detachment 


no detachment 


no detachment 


no detachment 


Mo 


no detachment 


no detachment 


no detachment 


no detachment 


Cr 


no detachment 


no detachment 


no detachment 


no detachment 


Al 


no detachment 


no detachment 


no detachment 


no detachment 
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Table 7 



Material 


wavelength 


wavelength 


wavelength 


wavelength 


wavelength 




400.00 


450.00 


500.00 


550.00 


565.00 




nm 


nm 


nm 


nm 


nm 




reflection 


reflection 


reflection 


reflection 


reflection 




index 


index 


index 


index 


index 




(%) 


(%) 


(%) 


/OS \ 

(%) 


(%) 


pure Ag 


94.80 


96.60 


97.70 


97.90 


98.00 


AgPd 


92.30 


94.05 


95.12 


95.32 


95.42 


AgPdCu 


91.50 


92.40 


93.60 


94.10 


93.36 


A aPdTi 


88.90 


90.59 


91.62 


91.81 


91.90 


AcrPHCr 


88.40 


90.08 


91.11 


91.29 


91.38 


A cxPriTa 


88.30 


89.98 


91.00 


91.19 


91.28 


A <rPH\/tn 

Agruiviu 


88.00 


89.67 


90.69 


90.88 


90.97 


AgPdNi 


88.20 


89.77 


90.89 


90.98 


91.17 


AgPdAl 


88.90 


90.49 


91.61 


91.70 


91.79 


AfiPdNb 


88.80 


90.38 


91.51 


91.60 


91.79 


AgAu 


92.80 


94.56 


95.64 


95.83 


95.93 


ApAuCu 


92.46 


94.22 


95.29 


95.48 


95.58 


AgAuTi 


88.44 


90.12 


91.15 


91.33 


91.43 


AgAuCr 


88.56 


90.24 


91.27 


91.46 


91.55 


AgAuTa 


88.30 


89.98 


91.00 


91.19 


91.28 


ApAUJNl 




07.0 / 


90 69 


90.88 


90.97 


AgAuMo 


88.10 


89.77 


90.80 


90.98 


91.07 


AgAuPd 


89.00 


90.69 


91.72 


91.91 


92.00 


AgAuAl 


88.70 


90.39 


91.41 


91.60 


91.69 


ApAuNb 


88.60 


90.28 


91.31 


91.50 


91.59 


AgRu 


89.00 


90.69 


91.72 


91.91 


92.00 


AgRuCu 


88.45 


90.13 


91.16 


91.34 


91.44 


AgRuTi 


88.34 


90.02 


91.04 


91.23 


91.32 


AgRuCr 


88.76 


90.45 


91.48 


91 .66 


91.76 


AgRuTa 


88.23 


89.91 


90.93 


91.12 


91.21 


AgRuNi 


87.80 


89.47 


90.49 


90.67 


90.76 


AgRuMo 


88.44 


90.12 


91.15 


91.33 


91.43 


AgRuPd 


87.67 


89.34 


90.35 


90.54 


90.63 


AeRuAl 


88.97 


90.66 


91.69 


91.88 


91.97 


AgRuNb 


87.98 


89.65 


90.67 


90.86 


90.95 



[0085] Particularly, the base films of Ti0 2 , Ta 2 0 5 , Zr0 2 , 
ln 2 0 3 , Sn0 2/ Nb 2 0 5 , and Mg had high refraction indices 
5 _ and low absorpt ivit ies , as represented by In 2 0 3 -Nb 2 0 5 in 
Table 8. Changes in optical characteristics based on 
the refraction index were prevented in these films. 
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Table 8 





ln 2 0 3 - 
15wt%Nb 2 

/-v 


ln 2 0 3 - 
12.5wt%Nb 2 

Os 


ln 2 0 3 - 
10wt%Nb 2 O 

5 


ln 2 0 3 - 
7.5wt%Nb 2 
Os 


ln 2 0 3 - 
5wt%Nb 2 0 5 




refraction 
index 


refraction 
index 


refraction 
index 


refraction 
index 


refraction 
index 


400 


2.34 


2.32 


2.34 


2.30 


2.34 


450 


2.26 


2.25 


2.26 


2.23 


2.26 


500 


2.22 


2.21 


2.21 


2.18 


2.20 


550 


2.19 


2.18 


2.18 


2.16 


2.17 


560 


2.19 


2.18 


2.17 


2.15 


2.17 



Example 5 

5 [0086] The effect of a coating layer on heat resistance 
and reflection index of the reflecting layer was 
examined. On the conventional Ag reflecting layers 
(pure Ag or binary Ag alloy) or the ternary reflecting 
layers of the present invention, a coating layer that 

10 includes. In2C>3 as a main component and at least one of 
Sn0 2 , Nb 2 0 5 , Si0 2 , MgO and Ta 2 0 5 was deposited to form a 
laminate. The laminate was annealed at the temperature 
250 □, which is the temperature applied to the 
substrate during the manufacturing process of the 

15 liquid crystal display device . 

[0087] Without a coating layer, the optical absorptivity 
of reflecting layer increased after annealing, which 
led to deterioration of the layer, as shown in Table 9. 
20 The experimental data of optical absorptivity when the 
coating layer was used for heat resistance were shown 
in Tables 10 to 12. 
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Table 9 



without a coating layer 



Material 


anneal 


as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
5UU nm 


wave- 
length 

550 nm 


wave- 
length 

565 nm 


tivity 
(%) 


tivity 
(%) 


flh^nrn- 

bi/jui r 

tivity 
(%) 


tivity 

(%) 


al/jul it 

tivity 
(%) 


tivity 
(%) 


absorp* 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%) 


pure Ag 


5.2 


3.6 


2.8 


2.8 


1.9 


5 


3.2 


2.1 


2.6 


1.8 


AgPd 


6.4 


5.5 


6.3 


5.5 


5.1 


6.0 


5.2 


6.1 


5.4 


5.0 


AgPdCu 


6.6 


5.7 


6.5 


5.8 


5.5 


6.5 


5.6 


6.2 


5.7 


5.1 


AgPdTi 


6.9 


5.9 


6.6 


5.7 


5.5 


6.7 


5.8 


6.4 


5.6 


5.3 


AgPdCr 


6.8 


5.9 


6.5 


5.7 


5.3 


6.6 


5.8 


6.3 


5.5 


5.0 


AgPdTa 


6.6 


5.8 


6.6 


5.8 


5.3 


6.4 


5.5 


6.3 


5.6 


5.0 


AgPdMo 


6.8 


6.9 


6.4 


5.5 


5.5 


6.6 


6.7 


6.3 


5.5 


5.2 


AgPdNi 


6.7 


5.7 


6.2 


5.5 


5.4 


6.4 


5.7 


5.9 


5.5 


5.1 


AgPdAl 


6.6 


6.6 


6.4 


5.5 


5.2 


6.5 


6.5 


6.2 


5.5 


5.1 


AgPdNb 


6.7 


5.8 


6.3 


5.7 


5.1 


6.5 


5.7 


6.3 


5.4 


4.9 


AgAu 


6.3 


5.3 


6.2 


5.3 


5.0 


6.0 


5.1 


6.0 


5.2 


5.0 


AgAuCu 


7.4 


6.7 


7.2 


6.2 


6.2 


7.1 


6.5 


7.0 


6.1 


6.0 


AgAuTi 


6.6 


5.8 


6.4 


5.7 


5.3 


6.4 


5.2 


6.3 


5.6 


5.2 


AgAuCr 


6.8 


5.9 


6.6 


5.8 


5.5 


6.7 


5.8 


6.4 


5.6 


5.3 


AgAuTa 


6.9 


5.9 


6.5 


5.7 


5.3 


6.6 


5.8 


6.3 


5.6 


5.2 


AgAuNi 


6.8 


5.9 


6.3 


5.7 


5.4 


6.5 


5.8 


6.1 


5.6 


5.2 


AgAuMo 


6.7 


6.8 


6.4 


5.6 


5.4 


6.6 


6.7 


6.3 


5.5 


5.2 


AgAuPd 


7.5 


6.3 


7.5 


6.3 


6.2 


7.1 


6.1 


7.0 


6.2 


6.0 


AgAuAl 


6.7 


6.7 


6.5 


5.6 


5.4 


6.6 


6.5 


6.3 


5.5 


5.2 


AgAuNb 


6.8 


5.9 


6.4 


5.7 


5.2 


6.6 


5.8 


6.3 


5.5 


5.0 


AgRu 


6.3 


5.4 


6.2 


5.3 


5.2 


6.1 


5.1 


6.0 


5.3 


5.1 


AgRuCu 


6.8 


5.9 


6.4 


5.7 


5.2 


6.4 


5.5 


6.3 


5.6 


5.0 


AgRuTi 


6.7 


5.9 


6.5 


5.6 


5.2 


6.6 


5.8 


6.3 


5.5 


5.0 


AgRuCr 


6.7 


5.9 


6.6 


5.7 


5.3 


6.5 


5.7 


6.3 


5.5 


5.0 


AgRuTa 


6.5 


5.8 


6.7 


5.7 


5.2 


6.4 


5.5 


6.3 


5.6 


5.0 


AgRuNi 


7.3 


6.6 


7.5 


6.3 


6.3 


7.1 


6.4 


7.0 


6.1 


6.0 


AgRuMo 


7.3 


6.8 


7.3 


6.2 


6.2 


7.1 


6.3 


7.1 


6.1 


6.0 


AgRuPd 


6.7 


6.8 


6.4 


5.5 


5.3 


6.6 


6.6 


6.2 


5.4 


5.2 


AgRuAl 


6.8 


6.9 


6.4 


5.6 


5.3 


6.6 


6.7 


6.3 


5.5 


5.2 


AgRuNb 


6.8 


6.9 


6.3 


5.6 


5.4 


6.5 


6.6 


6.1 


5.5 


5.2 
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Table 10 



SiO z /Ag alloy 



Material 


S1O2 anneal 


SiC>2 as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 

(%> 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%)□ 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


pure Ag 


26.5 


11.65 


4.92 


4.72 


5.02 


34.5 


16.64 


5.81 


5.71 


5.05 


AgPd 


26.8 


12.59 


5.68 


5.23 


6.96 


27.8 


14.59 


8.68 


6.23 


8.98 


AgPdCu 


27.09 


13.06 


8.94 


6.77 


6.28 


35.8 


18.64 


11.91 


8.74 


8.05 


AgPdTi 


36.5 


17.54 


11.45 


8.58 


7.59 


36.8 


17.68 


11.85 


8.76 


8.00 


AgPdCr 


35.5 


18.45 


10.59 


8.58 


7.96 


35.9 


18.65 


10.69 


8.75 


8.04 


AgPdTa 


36.1 


18.44 


11.34 


8.50 


7.58 


36.2 


18.54 


11.54 


8.54 


8.02 


AgPdMo 


36.4 


18.57 


11.15 


8.41 


7.21 


36.5 


18.67 


11.59 


8.45 


7.25 


AgPdNi 


35.78 


18.21 


11.07 


8.29 


7.37 


36.29 


18.55 


10.94 


8.25 


7.11 


AgPdAl 


35.89 


18.15 


10.8 


8.33 


7.64 


36.58 


18.41 


11.39 


8.42 


7.76 


AgPdNb 


35.88 


18.13 


10.86 


8.29 


6.93 


36.99 


18.53 


11.08 


8.26 


7.1 


AgAu 


26.2 


12.31 


5.50 


5.10 


7.99 


27.7 


14.45 


8.52 


6.12 


8.85 


AgAuCu 


36.1 


17.53 


11.45 


8.58 


7.25 


36.5 


18.66 


11.25 


8.25 


7.36 


AgAuTi 


35.4 


18.40 


10.59 


8.58 


7.96 


36.3 


17.67 


11.80 


8.73 


8.00 


AgAuCr 


36.0 


18.32 


11.34 


8.50 


7.58 


36.2 


18.64 


10.25 


8.75 


8.04 


AgAuTa 


36.3 


18.44 


11.15 


8.41 


7.21 


36.5 


18.53 


11.55 


8.54 


8.00 


AgAuNi 


36.0 


18.31 


11.32 


8.50 


7.58 


36.4 


18.66 


11.20 


8.41 


7.25 


AgAuMo 


36.0 


18.35 


11.58 


8.50 


7.58 


36.8 


17.65 


11.84 


8.73 


8.00 


AgAuPd 


36.3 


18.58 


11.14 


8.41 


7.21 


37.0 


18.61 


10.21 


8.74 


8.02 


AgAuAI 


36.1 


18.24 


1 1.05 


8.45 


7.85 


36.7 


18.51 


1 1.52 


8.56 


0 t\t\ 

8.00 


AgAuiMb 


36.1 


18.25 


11.11 


8.41 


7.14 


37.1 


18.62 


H.21 


8.41 


7.24 


AgRu 


26.5 


MAS 


5.55 


5.25 


7.96 


27.7 


14.59 


8.75 


6.35 


8.99 


AgRuCu 


36.0 


17.52 


11.45 


8.58 


7.25 


36.4 


17.66 


ll. 81 


8.73 


7.56 


AgRuTi 


35.3 


18.49 


10.59 


8.58 


7.96 


36.2 


18.64 


10.24 


8.75 


7.35 


AgRuCr 


35.8 


18.30 


11.34 


8.50 


7.58 


36.1 


18.52 


11.55 


8.54 


8.00 


AgRuTa 


36.2 


18.42 


11.15 


8.41 


7.21 


36.4 


18.65 


11.21 


8.42 


7.52 


AgRuNi 


36.1 


18.35 


11.33 


8.50 


7.58 


36.9 


17.64 


11.84 


8.71 


8.01 


AgRuMo 


36.1 


18.34 


11.58 


8.50 


7.58 


36.8 


18.60 


10.22 


8.72 


8.02 


AgRuPd 


36.2 


18.59 


11.28 


8.41 


7.21 


37.1 


18.50 


11.51 


8.51 


7.96 


AgRuAI 


36.3 


18.55 


11.18 


8.41 


7.21 


36.5 


18.61 


11.20 


8.42 


7.24 


AgRuNb 


36.5 


18.24 


11.11 


8.41 


7.21 


37.2 


18.41 


10.12 


8:85 


8.12 
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Table 11 



In 2 03-15Nb 2 05/Ag alloy 



Material 


Hi-R anneal 


Hi-R as-depo 


wave- 
length 
400 nm 


wave- 
length 
4S0 nm 


wave- 
length 
300 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length - 
565 nm 


ah?nrn- 

tivity 
(%) 


absorp- 
tivity 
(%) 


tivity 

(%> 


tivity 

(%) 


a K c n rn - 

tivity 

(%) 


tivity 

(%> 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%□ 


ahsoro- 
tivity 

(%) 


d L/ O v 1 \J 

tivity 
(%) 


pure Ag 


13.27 


3.48 


2.57 


2.35 


2.25 


19.84 


7.03 


3.21 


4.28 


4.24 


AgPd 


15.77 


5.34 


3.93 


3.90 


3.802 


22.15 


8.83 


4.57 


5.80 


5.78 


AgPdCu 


16.57 


6.24 


4.67 


4.68 


4.49 


22.89 


9.69 


5.30 


6.56 


6.43 


AgPdTi 


19.17 


9.16 


7.64 


7.65 


7.47 


25.29 


12.51 


8.25 


9.47 


9.35 


AgPdCr 


19.67 


9.72 


8.21 


8.22 


8.04 


25.75 


13.05 


8.82 


10.03 


9.91 


AgPdTa 


19.77 


9.84 


8.33 


8.34 


8.15 


25.85 


13.16 


8.93 


10.14 


10.02 


AgPdMo 


20.07 


10.17 


8.67 


8.68 


8.50 


26.12 


13.48 


9.27 


10.48 


10.36 


AgPdNi 


19.85 


10.07 


8.42 


8.47 


8.31 


26.01 


13.37 


9.01 


10.33 


10.22 


AgPdAl 


19.16 


9.3 


7.63 


7.75 


7.49 


25.36 


12.63 


8.36 


9.56 


9.34 


AgPdNb 


19.25 


9.38 


7.73 


7.87 


7.6 


25.46 


12.74 


8.46 


9.66 


9.54 


AgAu 


15.27 


4.78 


3.18 


3.19 


3.00 


21.69 


8.28 


3.82 


5.10 


4.98 


AgAuCu 


15.61 


5.16 


3.57 


3.58 


3.39 


22.00 


8.65 


4.21 


5.48 


5.36 


AgAuTi 


19.63 


9.68 


8.17 


8.18 


7.99 


25.72 


13.01 


8.78 


9.99 


9.87 


AgAuCr 


19.51 


9.54 


8.03 


8.04 


7.86 


25.61 


12.88 


8.64 


9.85 


9.73 


AgAuTa 


19.77 


9.84 


8.33 


8.34 


8.15 


25.85 


13.16 


8.93 


10.14 


10.02 


AgAuNi 


20.07 


10.17 


8.67 


8.68 


8.50 


26.12 


13.48 


9.27 


10.48 


10.36 


AgAuMo 


19.97 


10.06 


8.56 


8.56 


8.38 


26.03 


13.37 


9.16 


10.37 


10.25 


AgAuPd 


19.07 


9.05 


7.53 


7.54 


7.35 


25.20 


12.40 


8.14 


9.36 


9.24 


AgAuAl 


19.37 


9.39 


7.87 


7.88 


7.70 


25.48 


12.72 


8.48 


9.70 


9.58 


AgAuNb 


19.47 


9.50 


7.98 


7.99 


7.81 


25.57 


12.83 


8.59 


9.81 


9.69 


AgRu 


19.07 


9.05 


7.53 


7.54 


7.35 


25.20 


12.40 


8.14 


9.36 


9.24 


AgRuCu 


19.62 


9.67 


8.16 


8.16 


7.98 


25.71 


12.99 


8.76 


9.98 


9.86 


AgRuTi 


19.73 


9.79 


8.28 


8.29 


8.11 


25.81 


13.11 


8.89 


10.10 


9.98 


AgRuCr 


19.31 


9.32 


7.80 


7.81 


7.63 


25.42 


12.66 


8.41 


9.63 


9.51 


AgRuTa 


19.84 


9.92 


8.41 


8.42 


8.23 


25.91 


13.23 


9.01 


10.22 


10.10 


AgRuNi 


20.27 


10.40 


8.90 


8.91 


8.73 


26.31 


13.70 


9.50 


10.70 


10.58 


AgRuMo 


19.63 


9.68 


8.17 


8.18 


7.99 


25.72 


13.01 


8.78 


9.99 


9.87 


AgRuPd 


20.40 


10.55 


9.05 


9.06 


8.88 


26.43 


13.84 


9.65 


10.85 


10.73 


AgRuAl 


19.10 


9.08 


7.56 


7.57 


7.39 


25.23 


12.43 


8.17 


9.39 


9.27 


AgRuNb 


20.09 


10.20 


8.69 


8.70 


8.52 


26.14 


13.50 


9.30 


10.50 


10.38 
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Table 12 



ITO/Ag alloy 





ITO anneal 


[TO as-depo 








wave- 
lengtn 
400 nm 


wave- 

Ian n 

lengui 
450 nm 


wave- 

IClig LU 

500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
fcivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%> 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%) 


nil rp A XT 


15.56 


4.87 


3.63 


4.64 


1.82 
4.73 


19.05 
21.55 


4.27 
7.23 


1.77 
4.81 


1.52 
4.57 


5.02 
7.95 


AgPd 
AgPdCu 


18.06 
18.86 


7.69 
8.59 


6.49 
7.40 


7.47 
8.37 


5.66 


22.35 


o 1 Q 


5.78 


5.54 


8.89 


AgPdTi 


21.46 


11.52 


10.37 


11.31 


8.68 


24.95 


1 1 oc 
11. ZD 


8.94 


8.71 


11.94 


AgPdCr 


21.96 


12.09 


10.94 


11.87 


9.27 


25.45 


i 1 oe 
11.85 


9.54 


9.31 


12.53 


AgPdTa 


22.06 


12.20 


11.05 


11.99 


9.38 


25.55 


-a -a 0\m 

11.97 


9.67 


9.44 


12.65 


AgPdMo 


22.36 


12.54 


11.40 


12.32 


9.73 


25.85 


12.32 


10.03 


9.80 


13.00 


AgPdNi 


22.14 


12.42 


11.15 


12.11 


9.54 


25.74 


12.21 


9.77 


9.65 


12.86 


AgPdAl 


21.45 


11.66 


10.37 


11.4 


8.64 


25.04 


11.4 


9.07 


8.83 


11.96 


AgPdNb 


21.54 


11.75 


10.46 


11.53 


8.82 


25.14 


11.52 


9.19 


8.92 


12.14 


AgAu 


17.56 


7.13 


5.92 


6.90 


4.15 


21.05 


6.64 


4.20 


3.96 


7.36 


AgAuCu 


17.90 


7.51 


6.30 


7.29 


4.54 


21.39 


7.04 


4.61 


4.37 


7.76 


AgAuTi 


21.92 


12.04 


10.89 


11.83 


9.22 


25.41 


11.80 


9.50 


9.27 


12.48 


AgAuCr 


21.80 


11.91 


10.76 


11,69 


9.08 


25.29 


1 1 net 

11.6b 


9.35 


9.12 


12.34 


AgAuTa 


22.06 


12.20 


11.05 


11.99 


9.38 


25.55 


11.97 


9.67 


9.44 


12.65 


AgAuNi 


22.36 


12.54 


11.40 


12.32 


9.73 


25.85 


12.32 


10.03 


9.80 


13.00 


AgAuMo 


22.26 


12\43 


11.28 


12.21 


9.62 


25.75 




9.91 


9.68 


12.88 


AgAuPd 


21.36 


11.41 


10.25 


11.19 


8.57 


24.85 


11 1 A 

11.14 


8.82 


8.58 


11.83 


AgAuAl 


21.66 


11.75 


10.60 


11.53 


8.92 


25.15 


1 1 AQ 


9.18 


8.95 


12.18 


AgAuNb 


21.76 


11.86 


10.71 


11.65 


9.03 


25.25 


11. Dl 


9.30 


9.07 


12.30 


AgRu 


21.36 


11.41 


10.25 


11.19 


8.57 


Z4.00 


11 14 
11.14 


8.82 


8.58 


11.83 


AgRuCu 


21.91 


12.03 


10.88 


11.82 


9.21 


25.40 


11.79 


9.48 


9.25 


12.47 


AgRuTi 


22.02 


12.15 


11. Ul 


1 1 Qi 




25.51 


11.92 


9.62 


9.39 


12.60 


AgRuCr 


21.60 


11.68 


10.53 


11.47 


8.85 


25.09 


11.42 


Q 1 1 

57. XX 


R RR 


19 n 


AgRuTa 


22.13 


12.28 


11.13 


12.06 


9.46 


25.62 


12.05 


9.75 


9.52 


12.73 


AgRuNi 


22.56 


12.76 


11.62 


12.55 


9.96 


26.05 


12.56 


10.27 


10.04 


13.23 


AgRuMo 


21.92 


12.04 


10.89 


11.83 


9.22 


25.41 


11.80 


9.50 


9.27 


12.48 


AgRuPd 


22.69 


12.91 


11.77 


12.70 


10.12 


26.18 


12.71 


10.43 


10.20 


13.39 


AgRuAl 
AeRuNb 


21.39 
22.38 


11.44 
12.56 


10.29 
11.42 


11.23 
12.35 


8.60 
9.75 


24.88 
25.87 


11.17 
12.34 


8.85 
10.05 


8.62 
9.82 


11.86 
13.02 



[0088] Table 11 showed that optical absorptivity of the 
reflecting layer was reduced much more after annealing in 
the reflecting layer with the coating layer of the presen 




invention than the reflecting layer without the coating 
layer. The In 2 0 3 -15 wt% Nb 2 0 5 coating layer of the present 
invention in Table 11 had lower absorptivity than the SiO z 
coating layer in Table 10 and the ITO coating layer in 
5 Table 12. 

[0089] Table 13 showed that the optical characteristics of a 
three-layer laminate that includes a base film, reflecting 
layer, and a coating layer after annealing at about 250 *C 
10 were similar to those in Tables 9 to 12. The adhesion of 
the laminate was also as good as the laminate in Table 6. 
The three-layer laminate was superior in both optical 
characteristics and adhesion. 

15 [0090] The optical characteristics of the three-layer 
laminate was not impaired by through the use of the 
coating layer. On the contrary, when the coating layer 
including ln 2 0 3 as a main component and 1-30 wt% Nb 2 O s was 
used, reflection index was increased by 1 %-6 % and the 

20 absorptivity ,<*as lowered after annealing at about 250 t 

ln 2 0 3 . Table 14 showed that improved reflection index and 
good optical characteristics can be obtained even when the 
thinner coating layers are used. 
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Table 13 



absorptivity 





In,0,-5wt% Nb,0 K 




(Dno heating 


©150 °C 


(3)300 °c 


566 


10.88 


10.24 


15.3 


564 


10.67 


10.04 


15.06 


55G 


9.38 


8.829 


13.6 


500 


7.104 


7.071 


8.297 


450 


13.42 


14.38 


7.922 


400 


26.96 


27.49 


19.93 




In„O.-10wt% Nb,0 K 




©no heating 


!D150 °C 


®300 °C 


566 


11.13 


12.39 


13.11 


564 


10.91 


12.16 


12.88 


550 


9.639 


10.71 


11.42 


500 


7.113 


7.166 


7.236 


450 


12.72 


11.8 


9.97 


400 


27.29 


26.6 


24.28 




In,0,-15wt%Nb,0 K 




©no heating 


©150 °C 


!D300 °C 


566 


15.97 


18.42 


20.29 


564 


15.74 


18.17 


20.04 


550 


14.32 


16.69 


18.63 


500 


9.059 


10.57 


12.36 


450 


7.363 


7.168 


7.21 


400 


17.19 


16.56 


13.33 
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Table 14 



Change in reflection index of the reflecting layer with the change 



^thickness 
A [nm] ^\ 


5 nm 


49 nm 


70 nm 


74 nm 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


after 
heating 


556 


92.99 


91 


85.61 


88.68 


83.15 


91.32 


95.27 


554 


92.91 


90.85 


85.62 


88.69 


83.18 


91.29 


95.28 


552 


92.84 


90.74 


85.63 


88.67 


83.2 


91.39 


95.28 


550 


92.92 


90.74 


85.69 


88.72 


83.35 


91.5 


95.33 


500 


90.88 


87.82 


85.22 


88.37 


83.56 


91.47 


95.13 


450 


85.71 


79.83 


82.88 


85.02 


80.93 


87.77 


93.56 


400 


74.72 


70.22 


80.63 


84.96 


79.47 


85.35 


83.23 


'^'thickness 
A [nm] 


85 nm 


90 nm 


' 100 nm 




before 
heating 


after 
heating 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


556 


86.8 


93.4 


81.44 


91.28 


83.36 


91.97 


554 


86.78 


93.36 


81.47 


91.29 


83.3 


91.97 


552 


86.81 


93.37 


81.5 


91.39 


83.31 


92.04 


550 


86.89 


93.43 


81.61 


91.52 


83.39 


92.14 


500 


86.02 


92.98 


81.96 


92.18 


81.36 


92.04 


450 


81.58 


88.19 


78.5 


88.9 


71.91 


87.01 


400 


74.11 


81.17 


68 


82.7 


39.88 


70.18 
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[0091] The present examples and embodiments are to be 
considered as illustrative and not restrictive and the 
invention is not to be limited to the details given herein, 
but may be modified within the scope and equivalence of 
the appended claims - 
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